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INTBODUCTOBY NOTICE. 


The present work is intended as a short and easy text-book for 
the use of students in the various science-schools throughout the 
United Kingdom. The number of students in Physical Geography 
is so large, and increases so rapidly, that it is unnecessary to urge 
the great value of this department of science as an educational 
subject. It remains only that the instruction should be sound, 
and that the subject should be rendered as simple and easy as its 
nature admits. 

It must be needless to point out that larger treatises on tho 
subject are not superseded by this class-book. The present out- 
line is a mere abstract, and when its contents are mastered, the 
advanced student must attack more complete works. There are 
few subjects more generally interesting, more definite, and more 
useful than Physical Geography, and few are better fitted for cla&s 
instruction. At the same time, it is a subject in which an 
intelligent and energetic person can, in case of need, master the 
diflSculties alone, and teach himself all that is to be known by 
books. 

To render the work more generally useful, both to Teachers and 
Students, an outline-map and some illustrations are given in the 
present edition. There is also a full Glossary. 

The Examination Papers, forming an Appendix in the last 
edition, are now published as part of a separate volume, under the 
title of “ 2,000 Examination Questions in Physical Geography.” 
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DESCRIPTION OF THE MAP. 

In this Map the student will be able to notice the general shape 
and distribution of land, the peculiar form of the Atlantic Ocean, 
and the general arrangement of the great islands. Tlie great 
geographical axes of the two continents, the position of some of 
the chief rivers and lakes, and the direction of a few of the 
marine currents are also indicated. The limits of the trade 
winds, and of some of the other principal wind storms, are marked. 
More than this has not been attempted ; and the scale of the Map 
does not admit of its being regarded as more than a diagram. 



FIRST LESSONS 


IN 

PHYSICAL GEOGRAPHY. 


CHAPTER I. 

THE EARTH AND ITS HISTORY. 

It is very desirable that those who live on any part 
of the earth should know something of their own 
country, and also that they should be able to com- 
pare its climate and productions with those of other 
countries. To an Englishman, who lives on an 
island favoured with a mild but rather damp climate, 
who finds growing and living around him a certain 
limited variety of plants and animals, and who knows 
that comparatively few of these are native to the 
soil, but have at various times been introduced from 
abroad (where, however, some of them arc not pro- 
duced to such perfection {is with us), it is especially 
useful to know what is the state of things in these 
matters elsewhere. His attention is thus directed to 
other lands at a distance, whether in Europe, Asia, 
America, Africa, or Australia. He lives by commerce 
with these distant lands. He obtains their products 
and supplies them with much that they need. In all 
of them he has important interests. His travels for 
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aimisement or on business, his trade, and the many 
communications he is forced to make, all render it 
desirable that he should know as much about them as 
possible. Their climate, soil, and productions differ 
so greatly, and their inhabitants are so dependent on 
these and on geographical position, that the cause 
and extent of these differences become an inquiry 
worthy of careful research. 

This kind of research is called Physical Geography. 
It is not the same thing as geography in the old 
sense of the word ; that branch of knowledge is now 
called Descriptive or Political Geography, and has 
reference chiefly to the artificial divisions introduced 
by man, and to the towns and villages built by him. 
It refers to rivers and seas, lofty mountain chains, 
vast plains, deserts, and valleys, but only so far as 
they afford means of communication, interrupt pro- 
gress, affect trade, and separate liuman families. 

By Physical geography we may understand the 
various natural relations of cause and effect that 
belong to the surflxce of our globe. It. describes the 
distribution of land and sea, and, so far as can be 
determined, the causes and results of this distribu- 
tion. It treats of the properties of water, and the ex- 
tent of surface covered by it ; the depth of the ocean, 
the tides and currents, and the nature of the sea- 
bottom. It considers the nature and extent of the 
air that flojits over the general surface ; it discusses 
and explains the mutual influence of air and water, 
the nature of climate, and the circulation of water 
through the air, and upon and beneath the earth. 
Besides these important points, it includes all that 
relates to the distribution of life and other pheno- 
mena, some of which we shall have occasion to allude 
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to in those pages, and others that must for the pre- 
sent ho deferred. It is enough to show now how 
much Physical geography teaches coucerning many 
matters that seem very simple, but that greatly 
influence the earth as a habitation. 

Fio. I.—Figuhe of the Barth. 



JS* e . — The equatorial axis. P, p . — The poles. {Pp . — The polar axis. 
6'.— TIic centre. P(j . — The compresaion. 


The earth is a slightly-flattened globe or ball, 
shaped something like an orange, and constantly 
spinning round like a humming-top. The peg of 
the top continued to form the stick on which it is 
wound up, to represent what is called the axis of the 
earth, and the two ends are the poles. The earth 
revolves round its axis in the way that the top 
revolves round the stick. The line on the earth 
corresponding to that round the middle or largest 
part of the top is called the equator. There is a 
small bulge at the equator, and flattening at the two 
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poles. All this will be better understood by referring 
to the diagram, which represents the flat surface of 
the globe when cut in half through the middle. P,p 
are the poles, and the line Pp the polar axis. Ee is 
the equatorial axis or equator. E Q eq the half of a 
corresponding globe unflattencd. Pq is called the 
compression. The time taken for the earth to spin 
once round on its axis is a day, or twenty-four 
hours ; and as the length of a line stretched round 
the earth in its middle or largest part is about 
24,000 miles, it is clear that an object placed on 
the equator, and moving with the earth, proceeds 
at the rate of 1,000 miles an hour. If we imagine 
a number of rings, of different sizes, dropped on 
the top which represents the earth, while it is 
spinning, the largest will go nearest the middle or 
equator, and the smallest although parallel to it, will 
be nearer the point where the stick comes through 
the top, which we have called the pole. The dis- 
tance round each ring is the distance travelled by 
anything placed upon it, during one turn of the top. 
The distance is less as the ring is smaller, but the 
time of running is the same. The rate is therefore 
smaller. On the earth also, in proportion as an 
observer is more distant from the equator, the 
number of miles ho is carried per hour is lessened. 
At the poles there is no distance travelled at all. 

The earth’s rotation on its axis is the cause of day 
and night ; for as light proceeds from the sun, the 
half of the earth exposed at any time is lighted, 
while the other half is dark. But as the earth turns 
on its axis in twenty-four hours, every part in 
succession is passed before the sun, and would be 
lighted daily if it were not for the fact that there is 



MOTIONS OF THE EARTH. 5 

a twist in the position of the earth, which must be 
explained in another place. 


Fi«. 2 .— Illuhtkations of Day axd Night. 



S . — The sun. Pp . — The polar axis, or axis of rotation, 

E Ce.— Equatorial axis. 

But the earth, besides spinning round like a top, 
also moves round the sun. If a child were to spin a top 
while seated in a merry-go-round at a fair, the move- 
ment of a fly or other small insect on the top would 
nearly represent the movements of a person or place 
on the earth. Such motion is performed entirely 
without any sense of motion to him, and even without 
his knowledge, and without at all alTecting his place 
in reference to other objects near him on the earth. 

We need not stop here to consider the complica- 
tions of these movements, but it is very desirable 
that every one should have an idea of their general 
nature before beginning to study Physical Geography. 
The sun is represented in our rough illustration by the 
machinery that sets the merry-go-round in motion. 
The distance of the sun from the earth varies from 
time to time, but averages about 91 J millions of 
miles, and the time taken by the earth to go once 
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round is one year, or 365 days. The earth, therefore, 
moves round the sun at the rate of about 65,500 
miles an hour, or more than 1,000 miles a minute. 
This vast speed is altogether unfelt, and the whole 
movement is consistent with perfect relative repose 
in the individual dwelling on the earth’s surface. 

The seasons are the result of the inclination of 
the earth’s orbit to the imaginary plane passing 
through the centres of the earth and sun, in which 
the earth revolves. This plane is represented in 
perspective in Fig. 3, where the position of the earth 
is shown at B, the spring season (vernal equinox) ; 
A, summer (summer solstice) ; D, autumn (autumnal 
equinox) ; and C, winter (winter solstice), respec- 
tively. The darkly-shaded part of the earth, re- 


Fici. u,— T he Seasons. 

A 



N.— The north polo of the earth. S.— The sun. The earth’s equator. 

A, B, C, D,— Different positions of the earth in its orbit. 

presents the part not illuminated by the sun, and 
therefore not warmed. When the earth is at B or D, 
the days and nights are equal all over the world. 
At A, the days are longer than the nights in the 
northern hemisphere, and near the north polo there 
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is no night. At D, they are shorter in the northern 
hemisphere, and near the north pole there is no day. 
The converse is the case of the southern hemisphere. 

The earth is accompanied by the moon, which moves 
round its axis like the earth, and round the earth 
as the earth does round the sun. The moon reflects 
light from the sun, and by its nearness, in propor- 
tion to the sun, it exercises considerable influence. 
It is the chief cause of the tides of the ocean. 

It is impossible that the matter of which the 
earth, the sun, and the moon are composed should 
perform all these motions, keeping in their respective 
places in space from year to year and century to cen- 
tury, without some powerful ruling cause. We do not 
here speak of the great First Cause, to whom their 
original creation is due, but of those laws imposed 
on all matter, in obedience to which the great system 
is upheld. Nor is it meant when we thus talk of 
natural laws that there is any very traceable resem- 
blance in them to those laws which are contrived to 
regulate men’s morals or punish those guilty of 
oflence. The great laws of nature are not of this 
kind. A law is understood to involve an obligation to 
obedience, or submission; the expression is used be- 
cause there appear to be certain results following with- 
out fail certain causes ; so that the result, being invari- 
able, is due to an obligation or necessity. Thus it is 
a fact of universal experience that if one mass of mat- 
ter in motion come in contact with another, whether 
both are in motion or one at rest, motion appears to be 
checked or stopped. The motion is not really destroyed, 
but being changed into something else, and not recog- 
nized, it is lost sight of. If wo trace it carefully we 
shall find that this something is generally heat, and 



Again, wiicn force is sndclenly cliccJced and con- 
verted into lieat, it tends tlic other way, and keeps 
the particles or atoms of each body asunder. This 
is sometimes called repulsion. There are thus two 
modes in which force is exercised in nature : one is 
by attraction, or bringing together atoms or groups 
of atoms forming solid or fluid bodies ; the other is 
by repulsion, forcing apart or separating the atoms 
once brought together. If one alone should act ex- 
clusively, so that the other could not act, the order of 
nature would be at an end. If there were no force 
of gravitation, the atoms would keep asunder, and 
never form a liquid or solid at all. If there were no 
heat, the atoms must become compacted into one mass, 
without interval. As far as we know these are im- 
possible conditions, and the two forms of force, gravi- 
tation and heat, always act and are always displacing 
and replacing each other. In the first establishment 
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of the interchange of these forms of force appears to 
have consisted the great act of creation, the forma- 
tion of a system governed by certain fundamental 
principles. These principles are further illustrations 
of what is meant by the laws of nature. 


steam m its properties, except tJbat it does not con- 
dense into fluid by any known amount of cold. Such 
mixed gases, in the proportion in which they occur on 
the earth’s surface, we call air, or “ the atmosphere,” 
or sometimes ‘‘atmospheric air.” The atmosphere 
forms a veil or shroud, entirely covering earth and 
water to a distance of many miles from the surface. 
It is of such a nature that many other substances 
can exist in it, and apparently form part of it, though 
really independently of it. In this sense it is said 
to contain vapour of water, the various gases that 
arise from the changes of living beings on the earth, 
the poison derived from decaying animal and vege- 
table matter, the odours of flowers, and many other 
substances, some solid, some fluid, and some gaseous. 
But the atmosphere is an important and material 
substance, though neither to be seen nor touched. 
This may be proved easily by removing it from any 
well-enclosed space, as from a copper box with a very 
thin cover. The pressure may then bo measured by 
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the depression of the surface of the cover, if it is 
sufficiently elastic; and on this principle is constructed 
the instrument called “ the aneroid barometer.” The 
common barometer measures the weight or pressure 
of the air in a somewhat similar way, by the use of 
the fluid metal mercury, held in a long glass tube, 
closed at one end, and placed with thq open end 
downwards in a small cup of mercury. The tube 
being longer than sufficient to counterbalance the 
whole weight of a column of the atmosphere of the 
same size as the column of mercury, the fluid descends 
in the tube till the two weights exactly balance each 
other. As tlie air is constantly changing in pressure 
or weight in our climate, the thin cover of the box 
and the mercury in the tube are constantly rising or 
falling, and the amount may be measured. In some 
countries, where the pressure of the air varies very 
little, the barometer rarely indicates any change. In 
other countries a change to the extent of one- thirtieth 
part is not unusual. Sometimes the change is much 
greater. 

Besides the three familiar conditions of solid, liquid, 
and gaseous matter (or of earth, water, and air), there 
are other indications of the activity of matter, other 
forms in which forco presents itself. Light as well 
as heat is a form of force. Electricity and magnetism 
are forms of force. Chemical action is a form of 
force ; and even life itself, or vital action, so far as it 
can bo understood, and so far as it is connected with 
and dciicndent upon matter, is another form of the 
same evej’-present force. We are not here speaking 
of intelligence, but simply of life in its relations with 
matter. 

The actual elements, or those substances in nature 
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“wliicli appear to be absolutely simple, and are not 
made up of others, arc for the most pari only to bo 
obtained with great difficulty by the chemist in his 
laboratory. They rarely exist in nature unmixed 
Avith other substances. Many of them, however, are 
found in the earth in a neaily pure state. Such arc 
sulpliur, carbon (the diamond, and some kinds of coal), 
gold, silver, copper, and a few other metals. The 
old ‘‘four elements” — earth, air, fire, and water, have 
long been known to be cither compounds, as earth, 
air, and water, or indications of the action of force, 
as fire. But they remain familiar and convenient 
expressions representing great classes of facts, with 
Avhich the student of Physical geogra})hy must become 
acquainted. We may Avith advantage make use of 
them, folloAV them up, and endeavour to make out the 
meaning and intention of nature in the distribution 
of them on the earth. 

The solid earth is a much more complicated mass 
than cither Avatcr or air. These latter, though com- 
j)ounds, are composed of only two elements. The 
earth is composed of many. Thus, the stony and 
sandy masses of A^arious kinds, among Avliich the 
metals are occasionally met Avith, generally contain 
three or more elements. Limestone, sandstone, 
clay, granite, and slate are the familiar names of 
these masses. They are all, even in them purest 
state, compounds, in AAffiich a peculiar gas called 
oxygen is present in A^ery considerable (piantity. 
This gas also forms a fifth part of tlie air, and half 
the Avater. It has a great tendency to mix Avith 
almost all substances in nature, except some of the 
metals. It is, therefore, one of the most abundant 
substances in the outer crust of the globe. 
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There are two other gases whose names require to 
be known. Four measures of nitrogen mixed with 
one of oxygen, form the atmospheric air, and two 
measures of hydrogen with one of oxygen, when 
chemically combined, become water. Chlorine is 
another important gas, but it is not abundant, 
except in combination with sodium as common salt. 

Mixture and combination are, however, very difie- 
rent. The first is merely mechanical, and involves 
little change. Sugar and salt mix with water, and 
gases, such as oxygen and nitrogen, in certain pro- 
portions, may mix in the same manner. The mixture, 
though dificrent from either, has none of the proper- 
ties of an original substance or element. On tho 
other hand, when oxygen and hydrogen combine to 
form water, the result is almost a now clement. 
Oxygen and nitrogen combined form a strong acid* 
So again chlorine, a gas, and the metal called 
sodium, combine to form common salt, a substance 
totally different in every respect from its elements. 

Besides those already mentioned, it is well that 
the student of Physical geography should know at 
least the names of a few other materials of which 
the earth’s crust is chiefly made up. Carbon^ already 
named, and found in a state almost pure in the 
diamond and in some kinds of stone coal, is an 
element also of extreme importance, as present and 
almost essential in all forms of life, whether vege- 
table or animal. Wood consists of little else, Jind 
flesh contains a huge proportion. Silica is the sub- 
stance from which sand and all the varieties of 
sandstone are obtained. Alumina serves the same 
purpose for clay. Both are combinations, but both 
are so nearly like elements in their permanence and 
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in their power of combining with other compounds, 
or with other elements, that they are much better 
known than the elements from which they are 
derived. Soda and Idotash are other examples of a 
similar kind, obtained from the metals Sodiv/m and 
Potassium^ which, however, cannot remain without 
change in a moist atmosphere. Fliospliorus is an im- 
portant substance, and with this and some of the 
familiar metals the list closes. 

Among the forms of force commonly spoken of 
in all references to climate and the state of the air, 
electricity, galvanism, and magnetism are the most 
important. That friction, or the checking of motion 
by the coming together of two substances, sometimes 
produces electricity as well as heat is easily shown. 
Thus, when a stick of sealing-wax, or glass, is rubbed 
on a coat- sleeve, it becomes electric, and attracts 
paper or a feather. A piece of copper and a piece 
of gold, placed one on the upper side, the other on 
the xmder side of the tongue, produce a slight 
galvanic shock when brought to touch at one point. 
On the other hand, a current of electricity passed 
through a piece of soft iron converts it into a magnet. 
The electric telegraph is a practical result of long- 
continued inquiries and experiments with regard to 
this form of force. Electricity acts throughout the 
earth’s surface, and is, beyond doubt, one of the 
most direct modes in which change in the distant 
centre of our system is communicated to each mem- 
ber. We must not at present do more than remind 
the student that a link of this kind exists, and that 
all nature is bound together by similar links, render- 
ing the whole one great harmonious system. 

Besides the shell or outer crust of the earth and 
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the various forms of matter and force belonging to it, 
there is also on its surface a vast variety and infinite 
succession of living beings. Of these there are two 
kinds — animal and vegetable. Of each there are some 
so simple in their construction that we can only find 
in them a peculiar fluid and a kind of skin as proof 
of life, and others so complicated that each individual 
consists of millions of minute parts, all separately 
living, but all mutually dependent on each other, 
and altogether forming one noble monument of 
creative power. Between these extremes we have 
every possible gradation. But these living beings 
endure but a short time. They die and become 
reduced to the elements of which they were built up, 
but not till, in some wonderful manner, there lias 
been provided, through their agency, a succession of 
beings like themselves. Life is a great mystery. 
As far as it is a part of the system of creation it 
will probably be found to depend on n peculiar 
form of the universal force, governed and modified 
by those various forms — ^licat, electricity, and che- 
mical action, already familiar. But the higher forms 
of life exhibit another quality or power, more diffi- 
cult to explain, for they possess what is called a will 
as well as intelligence. Of this, which belongs to 
many animals, and of the yet higher and more subtle 
qualities of intellect and moral sense, we offer no 
explanation, for there is at present no clue whatever 
to their cause and mode of action. 

The way is now open to the student to study the 
elements of Physical geography. He will have seen 
that all nature is related by close ties ; that there is 
a system on which everything is planned and con- 
structed; that a few simple substances in nature 
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produce by mixture and combination an almost in- 
finite variety of compounds, of which some are used 
in large proportion, others in small quantity, but all 
of them assist in the great general result we see 
before us. They arc governed, and changes in them 
produced, by the various forms of force. Some are 
attracted, others repelled ; but the ordinary passage 
of heat, light, and electricity constantly goes on 
through and among them. 

But it must be remembered, as one of the laws 
most certain and most invariably acted on, that 
there is in nature no repose and no cessation of 
force. It is not only living matter that changes ; all 
the combinations of sfcone find rock are constantly 
though silently undergoing alteration. The earth 
has a long and complicated history. It was once 
thought that this history must involve occasional 
great revolutions, with long intervals of absolute 
repose. It is more likely that the revolutions are 
incessant, and the repose unknown. Hardly a mo- 
ment — certainly not a year, a month, a day, or even 
an hour — passes without change ; and in the past, as 
at present, there is no evidence of there having been 
a time when change was not the law of nature. It 
has always been going on, both upon and within 
the earth, altering everything without exception, 
whether solid or fluid, and always tending to pro- 
duce those peculiarities of structure that distinguish 
rocks long since formed from mud lately thrown 
down to the bottom of water, or molten material 
thrown up from a volcano. 

The language of Physical geography, like that of 
all sciences, introduces some expressions not very 
familiar, and makes a peculiar and limited use of 
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certain common words and phrases. Some of these 
have been already explained, others will be ex- 
plained as they are used. Before, however, proceed- 
ing further, it will be well to point out the exact 
meaning attached to certain words used in marking 
the position of objects on the earth ; for it is not 
very easy, Avithout some previous understanding, to 
describe where a certain point or a certain space is 
situated on a round ball such as we have described 
the earth to be. 

In geography the terms North and South refer 
always to the same direction, and are determined by 
the pointing of the needle in the compass, by the 
position of the sun at noon, or by the position of 
certain stars. Of the two poles of the earth (see 
explanation of the term in p. 3), that which cor- 
responds to the point where the stick of the hum- 
ming-top joins the top is called north, and that 
which corresponds to the point where the peg joins 
it is called south. The part between the middle line, 
or equator, and the north pole is called the northern 
hemisphere (or half globe), and that between the 
equator and the south pole the southern hemisphere. 

If a line bo drawn on the surface from the north 
to the south pole, everything to the right hand of a 
person standing on it and looking north is called 
cast, and everything to the left west. If such a line 
be drawn through the ocean between Europe and 
America, the land of Europe, Asia, and Africa will 
be in the Eastern hemisphere, and the land of Ame- 
rica in the Western hemisphere. But if such a lino 
were drawn through the Pacific Ocean, the contrary 
would be the case. Thus the terms north and south 
are positive and absolute, so far as the earth is con- 
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c*t‘nic il ; Imt cash and Avcst arc rclaiivo, and dcj^cnd 
on tlio ])oslhion of ilio lino from -wliicli Avo sl-arh. 
The fact that Europe and Asia Avero the dwclling- 
pliici'S of ilio early ciAn’lizcd nations is the oJily 
3‘ejison Avhy ihe terms eastern and Avestern ai‘e noAv 
practically limited to the countries cast and AA^est of 
tlu! Atlantic Ocean. 

Kiiowinof tlie use of the terms north, soutlj, cash, 
and AAHist, it is not difficult to understand Avhat is 
meant by latitude and longitude. Latitiicle is the 
distance of any ])hice from the equator, measured 
on a great circle passing tlirough the ])lace and tlic 
tNvo poles, and is north or south, according as the 
])hico is in ihe norihern or southern hemisphere. It 
is measAireil, as all circles are, by degrees, of Avbicli 
there arc JJGO in the whole circle, or 00 in the fourth 
2 )art, l.)etweeu ilio equafor and each 2 )olo. Longitude 
is the distance, east or Avest, from a similar groat 
circle drawn tbron gh some important observatory, 
and is measured also ])y degrees, l)ut on a circle 
pai’allel to the equator, and [Kissing through the 
2 )laee. ]']\^ei*y circle being dmded into GGO equal 
degrees or ])arts, it Avill be easily understood that a 
])oint on the earth’s surface cannot liuA^c more tlaiii 
00 degrees of latitude, that representing the Avliolc 
distance frojn the equator to tho j^ole ; but it may 
have any number u^) to 180 degrees of longitude. 
On the other hand, a degree of latitude is always 
of the same length (about Euglisli miles), 

but the length of a degi^ec of longitude varies Avith 
every degree of latitude. At the equator it is the 
same as that of a degree of latitude, and at the 
jioles it is notliing. It is the OGOtli j:>art of the 
length of the cmcle reiu-esented by tho ring dropped 
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on fclio linmming-top, in tho illustration already 
referred to. 

In the latitude of London (51^ degrees) tlie 
lengili of the degree of longitude is about 43^ 
British statute miles.* At G0° the length is only 
one half as great as it is at the equator, or about 
34 J- miles. 

* The earth’s circumference, or the length of a great circle 
di’awn round it, is 21,850 British statute miles nearly, and there- 
fore the degree of latitude is or rather more than 69 

miles. Geographers divide degrees into 00 equal parts or 
minutes. The sixtieth part of a degree of latitude, or of the 
minute of latitude, is often called a geograxihieal mile. A nautical 
mile, or knot, is the same distance. It is a distance of 6,080 feet 
9 inches, the statute mile being 5,280 feet. The distances in 
this work are given in statute miles. 
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CHAPTER II. 

THE LAND. 

The land is that part of the solid crust of the earth 
that is not covered with the waters of the ocean. 
If the earth’s surface Avere perfectly smooth the 
water would cover the whole to a certain depth, just 
as the air does, and there would be no land. Thus 
it is only in consequence of the existence of irregu- 
larities of the surface that there is any land or solid 
portion of the crust projecting above tlie general 
level of the water, and the amount of surface exposed 
is governed by the nature and extent of the irregula- 
rities. It must bo evident that an uneven surface of 
the earth is necessary to its existence as the habita- 
tion of almost the whole of vegetable, and of a very 
large proportion of animal life. It is equally clear 
that the shape and depth of the sea-bottom decides 
the limits and the extent of the surface of the sea, 
and the position of the lino separating land from 
water ; for if the ocean Avere very much deeper than 
it is over a considerable part — that is if the bottom of 
the sea were sunk much lower than at present — the 
level of the Avhole ocean would be lowered, and many 
shallows become dry land. If shalloAV parts of the 
sea near shore were lifted up by earthquakes Avhile 
such deep crevices Avere being formed, the effect 
Avould be still greater. 

It would hardly be believed, without calculation, 
how very little difference in the form of the surface 

o * 
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of the land would make an enormous difference in ilie 
magnitude of the ocean Avitliout in any degree alter- 
ing the quantity of water contained in it. And this 
is a very important matter, for on the mere form of a 
coast-line depends very much its fitness for the habi- 
tation of plants, animals, and man. It is the more 
important because there is every reason to suppose 
that in the history of the world there have been 
enormous changes in this respect, the water having 
perhaps at some time almost covered the whole sur- 
face, while at other times the land may have been 
much more extensive than it is now. At present, 
about one fourth part of the whole surface is above 
the sea-level. 

Thus the actual shape of the land, the way in wdiich 
its projecting j)oints and irregular prominences ex- 
tend, the form aiid extent of those smaller lands 
called islands, which approach, and sometimes almost 
touch, the main land, and Avhich are only separated 
by shallow arms of the sea, and generally what is 
called “the distribution of the land,” are objects of 
careful inquiry in Physical geography. 

By referring to the map forming a frontispiece 
to the present volume, the student will recognize, 
rising above the level of the ocean, two very large 
tracts of connected land, one in the Eastern, the 
other in the Western hemisphere, and one smaller 
tract (Australia), which include almost the whole of 
the land. These large tracts are called continents. 
The great continents include, in the Eastern hemi- 
sphere, Europe, Asia., and Africa, which arc often 
spoken of together as “the Old World,” and to 
tiiem Australia, though recently discovered, ])ro- 
perly belongs. In the Western hemisphere they 
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include the two Americas (North and South), or 
“the New World,’’ with a few outlying islands. 

If the student will examine a globe, and will com- 
pare the northern and southern hemispheres, he will 
find a similar difference, the chief land being in the 
northern half. 

At one time Europe, Asia, Africa, and America 
were called the four quarters or divisions of the 
earth ; but if Europe, Asia, and Africa, which are all 
connected (Europe and Asia arc altogether without 
an approach to natural separation, and Africa is 
only separated from Asia artificially by the canal 
through the Isthmus of Suez) arc to be called 
two, America must be called two, and Australia 
is certainly another, for it is nearly as large as 
Europe. Thus there would be, according to this 
mode of estimating, five great masses of land, 
which would be thus described: (1) Europe and 
Asia, (2) Africa, (8) North America, (4) South 
America, and (5) Australia. These are natural divi- 
sions in the same sense as the division into two 
masses, the great continent and the American con- 
tinent. 

Besides these great masses or continents, a large 
number of fragments of land are called islands. 
These are separated by water from some main land, 
or the nearest continent. Many of them, and these 
arc among the largest and the most important in every 
respect, arc so placed in relation to the nearest conti- 
nental lands that they appear to have once belonged to 
them, and to have been separated from them. Thus 
England is only separated from the main land of 
Europe by a comparatively narrow channel of no 
great depth. Islands of this kind are called “ conti- 
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nental islands.” There arc others, such as many of 
the groups in the Pacific Ocean, wliich have uo rela- 
tion whatever to any continents that now exist. 
These arc sometimes called ‘‘pelagic ” or “ oceanic ” 
islands. Others consist of simple volcanic cones 
rising out of deep water. These are volcanic islands. 
Lastly, there are some that have been forniod alto- 
gether by the labours of a small marine animal, 
called the coral animal, and these are called coral 
islands. 

All the islands probably refer either to the exist- 
ing or former position of continental land. They are 
of various sizes, some — especially those extending 
from China towards Australia — being of great magni- 
tude, each containing more than a hundred thousand 
square miles. For the most part they are much 
smaller, and collected into groups of many in each 
group. Some few, however, are detached. A group 
of islands may be regai’ded as the summits of land 
buried under the waves. All the connecting land 
exists, but is for the present out of sight. If 
the sea-bottom were raised, or the level of the sea 
lowered, such islands would become parts of a 
continent. 

Continents may with advantage be considered as 
including the islands near them, where they are only 
separated by shallow water. In most cases the vege- 
tation of such islands, and their animal inhabitants, 
prove how real this view is. Occasionally, no doubt, 
the case is different, and such cases demand careful 
attention from the naturalist and geologist, as they 
are sure to suggest useful reflections. 

The form of the great masses of land, and of the 
larger islands, presonls many facyfs of fonsidcTabl(^ 
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interest. Let the student refer to tlie annexed 
diagram, or to a globe, and look at the form of tlie 

Ptg. 4.— Ti7k Old World, or Eastkrn CoNTiNi;>rT. 



mass of land called the Old World. It extends 
from east to west for a vast distance, measured 
from the western extremity of Spain, where the 
Pyrenees die away under the Atlantic waves, to 
the eastern extremity of China, a distance of 
about nine thousand miles. A line of very high 
land runs through it in the direction of its greater 
length, namely, from east to west, including several 
important chains of mountains rising here and 
there in long systems of ridges, in other places 
sending up peaks far above the clouds, capped witli 
snow summer and winter, and forming a barricn* 
separating climates, vegetation, and races of animals 
and men. On the north of this central lino are vast 
plains, some low or near the sea, some lofty, and 
serving as the bases of great mountains. Towards 
the north polo these lands are for the most part cold, 
and there are largo tracts little occujned by men. 
In these northern lands, however, have originated 
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the races most active in war, and often overrunning 
and subduinf^ tlie world. The northern lands termi- 
nate ill tlio Arctic or I^orlh Polar 8oa by a number 
of islands, some of considerable size. 

The great eoiitinont south of the central line of 
high land, which is sometimes called its gcogrnphice.l 
axis, divides into a multitude of projecting lands 
called promontoricvS, all more or less triangular in 
shape (not much unlike the shn])e of a leg of 
mutton), and all pointing toAvards the smith. Only 
one of those strettdios down beyond the equator into 
the Southern hemisphere, and ihis is the great mass 
of Africa. The succession of promontories ])ointing 
thus soutliAA'ards includes Arabia., Ifindostan, the 
!Mahiy peninsula, and Cochin China. 

But Eurojic is sepai*ated from Africa ])y an inland 
sea, and in this sea also Jilmost all the laud ends in 
promontories looking southward. The Iheriau pen- 
insula (including Si)ain and Portugal), Italy, and 
C recce are illustrations of this. Eauui in the northern 
part of the great continent the same peculiarity is 
noticeable, and this is aa^cII shoAvn in the Scandi- 
naAnan peninsula (SAveden and ISTorAvay) and in 
Kamtschatka. Some of the large islands and island 
groups point to a similar construction. 

If noAV Ave turn our attention to the New World, 
or American continent, aa^c shall also find marked 
peculiarities of position. The longest line that can 
1)0 draAAm (its hmgth is nearly 10,000 miles) extends 
not from cast to Avest, but from norfb to soutli. Ju 
this direciion also it possesses a liuo of lofty high- 
lands only inferior in their highest clo\m,tioiis to the 
mountain peaks of Asia, and I’eaching almost from 
pole to pole. As in the great continent, this is a 
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burricT preventing* tbo migration of plants and 
animals, and greatly affecting climate, but, owing 
to its direction, it acts in a very different manner 
from tbe oiber. fflie lands to tbe east are wide plains 
nowbere very lofty, and sometimes very low. Tbo 
weslern lands are narrow strips bordering tbe ocean. 
Tbere are liigli plains included among tlie mountains. 

But t.bougb tbere is no resemblance in tbe posi- 
tion of its geogra])liical axis, tbe general form of 
Amcrlcian land, both north and south of the equator, 
lias resemblances to that of tbe other continent. 
North America and South America are both, trian- 
gular in shape, and in both the triangle points 
southwards. In North America tbere are many 
promontories and peninsulas, l)ut all show tbe same 
peculiarity. California, on the west, and Florida, 
on tlio east, arc striking examples. Aliaska is 
another illustration ; Greenland is another. South 
America is without promontories : it is itself one 
huge ])T*omoritory. 

Iletnrning now to tbo Old World, a very slight 
glance at our little map will serve to satisfy the 
student of another fact with regard to ihe form of 
the land. The coast of certain parts of the woild is 
very much broken and irregular, but in other parts 
there are long distances without any indentation. 
Tbe learner may with advantage, in reference to this 
matter, compare and contrast the coast of Northern 
Europe, or the shores of the Mediterranean, with tbe 
western or northern coast of Africa. It is easy to 
understand that numerous bays, inlets, and harbours 
are convenient for shipping, and therefore advan- 
tageous for trade. No country that is not so jjro- 
vided can hope to rival in commei*co the countries 
that Lave good and numerous harbours. An ex- 
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ample may bo seen in the difFcrenco between the 
coast line of England and France. Along the shores 
of the British Channel there is hardly a single inlet 
forming a natural harbour, into which vessels could 
take shelter on the French side, from Cape Finis- 
terre to Calais. The opposite or English coast has 
a succession of harbours all more or less good, and 
some excellent. Falmouth, Plymouth, Dartmouth, 
and Portsmouth are but a few out of the number. 
The result is seen in the fact that almost all the 
trade between England and France is cai*ried on by 
English ships. 

A still more remarkable instance is illustrated in 
Ihe annexed diagram, where a part of the Atlantic 


Fig. 5. — Compaiuson of Coast-Lines, 



n a '. — West const, of IvelnTid (Galway to Cape Clear), C^O loilcs. 
bb '. — West coast of France (Meiitli of the Gironde to Bayonne), 1(!() miles. 
(Distance in latitude, 140 miles.) 


coast of Ireland is compared with part of the 
Atlantic coast of France. Within the same distance 
in latitude the former is four times the length of the 
latter. 
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It lias been suggested, that the greater the number 
of miles of coast-lino (including all the indenta- 
tions), in proportion to the area of the country, 
tlie more accessible is the country, the more given 
to sea pursuits aro its inlhabitants, and the more 
completely do its inhabitants become civilized and 
free from the limited views and narrow prejudices 
that aro so common among people who rarely leave 
their own country and home. Africa, as a great 
continent in the old sense of the word, affords an 
admirable example of this fact. It has scarcely any 
means of access by water from the coast to the 
interior, and hardly any inlets or bays of importance 
along its whole coast. The condition of its inhabi- 
tants remains, in spite of constant communication 
with the outer world, the most degraded and hope- 
less to be found in any country. Like many other 
general rules founded on a limited consideration of 
facts, there are important exceptions to this rule. 
Ireland affords a remarkable example. 

There are other important facts regarding the dis- 
tribution of the land. About one-foui'th part of the 
cartli’s surface rises above the sea- level, but the 
whole of Europe and Asia, and great part of Africa, 
lie north of the equator ; and it is well known that 
the whole of North America, and part of South 
America, aro also in the Northern hemisphere. In 
fact, the land is at present so distributed that almost 
the whole is contained in one half of the globe, while 
the other half, excejit in the case of Australia and 
New Zealand, is almost entirely under water. If a 
person wore to bo placed exactly over the county of 
Cornwall, in England, at a sufficient height to see half 
the earth’s surface, he would seo almost all the land. 
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Another person placed immediately over New Zea- 
land would see New Zealand, Australia, part of South 
America, and a vast multitude of small islands in 
tlie Pacific, but the f.otal amount of land visible would 
not amount to much more than a twelfth part of the 
whole. 

Tficre is thus what is called a hemisphere of greatest 
land, opposed to another in which there is hardly any 
land rising above the sea-level. Even of that little 
larivd here found a part was sopjirated from sea- water, 
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and built up atom by atom by the coral animal, which 
has gradually increased year after year in the warm 
seas, until it has constructed reefs hundreds of miles 
in length, some of which arc now converted into 
habitable land. 

The fact that of two halves of the world one pro- 
jects or bulges above the general level, while the 
other recedes, or is depressed below it, is very curious. 
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and cannot but have an iniportant meaning. Tlie 
cause, however, is not clear, and the student need 
not at present enter into the various speculations 
that have been made concerning it. There is no 
doubt whatever that the climate, both ot the whole 
earth and of every country, however situated, is 
greatly affected by this arrangement of the land, 
which is by no means essential, and which has, at 
some periods of the earth’s history, been very dif- 
ferent 

Besides the distribution of the land as wo have 
been considering it — that, namely, which relates to 
the position of the line where the ocean comes in 
contact with the land — there is another hardly less 
important. If we call that which has just been de- 
scribed its horizontal distribution, tlie other may, in 
the same sense, bo called its vertical distribution. 
The land is not like the water, kept at a uniform 
level, its surlace being always at the same distance 
from the centre of the earth. The whole nature of 
the earth, as a idaco of habitation, depends on the 
existence of irregularities. The ocean fills up de- 
pressions to a certain point, but the place where the 
seji comes in contact with the land may be nearly 
flat, and in this case the difference of a few feet in 
the level of the water would make a difference of 
hundreds of yards wide of coast. Or the land may 
be met on the gentle slope of a hill, and in this case 
an alteration in the height of the water amounting 
to many feet is hardly to be recognized. Or, lastly, 
the shore may be precipitous, not merely having a 
steep inland cliff — for tlnit is not uncommon where 
the slope is gentle — ^but really descending abruptly 
for a great dejDth close to the shore. These three 
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conditions may bo continued eitlior outwards, on the 
sca-bottoin, or inland, towards the mountain chain 
or gcograpliical axis of the country. 

Tlic vertical distribution of land causes a division 
of the whole of the exposed surface into three or 
four tolerably well marked forms. The flat lands, 
sometimes extending from the sea for a very great 
distance, and sometimes near the foot of a mountain 
range in the far interior, rise very gently, and are 
only occasionally broken by low hills. They are 
known by various names in different countries, ac- 
cording to local conditions of latitude, climate, and 
soil, to ■which they arc exposed. In Russia they are 
Hteppes; in Arabia and the interior of Africa, deserts; 
in Korth America they arc prairies and savannahs; 
in South America, llanos, silvas, and pampas. In 
every case there ai’O peculiarities belonging to the 
country and climate, but all agree in being ‘4ow 
plains.” In some parts of the world the land con- 
tinues to rise gradually from the coast, till the eleva- 
tion above the sea becomes considerable ; more 
frequently it rises in steps by a succession of low 
cliffs ; but here and there the sea terminates abruptly, 
and mountains or lofty phiins rise fit once from con- 
siderable depths of water. The diagmm, Fig. 7, p. 
88, will illustrate this fact. It represents, in a very 
general way, the outline, or contour (as it is called in 
geography) of Central and Northern Asia from India 
to the shores of the Arctic Ocean. 

Lofty jffains (also called “table-lands” and “pla- 
teaux”) often differ little from low plains in general 
appearance. They commence rarely from the coast, but 
often rise from plains by steep and lofty cliffs or hill- 
sides, almost resembling mountain ranges. They arc 
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sometimes included among, and form part of moun- 
tain chains, and they occasionally form the central 
masses of great continents. Wliat is most remark- 
able about such plains is the nature of the valleys 
with which they arc intersected. These are deep 
cuts or gorges, sometimes wide, but always abrupt. 

Mountains are natural phenomena of the grandest 
kind. They rise abruptly from the sea or from plains, 
whether low or lofty, and their sides are jagged and 
abrupt. They form ridges of hard rock, terminating 
upwards in a succession of peaks, whose form depends 
on the nature of the rock. They exhibit beyond all 
comparison the most picturesque and grandest, though 
often the most gloomy and terrible, conditions of the 
land. They ai^pear generally in groups, but these 
groups are connected together, and from each may 
])rocccd spurs or secondary mountains at right angles 
to the main chain, which is formed by a number of 
groups in the same general direction. Of mountain 
chains of the first class there are but two — those, 
namely, that traverse the two great masses of land 
in the Eastern and Western hemispheres. Of moun- 
tain chains of the second class, and of small groups, 
the number is very great, some being found in almost 
eveiy important mass of land. 

Valleys arc cither gi^ooves or furrows on mountain 
sides, or fissures and ravines cutting deeply into 
table-lands. They are everywhere the natural 
channels conducting back to its parent ocean the 
water that has fallen from the sky as rain. Their 
oi’igin is rarely doubtful. They have been eaten out 
by the water that has passed through them. 

According to their mode of formation, and the 
nature of the country they cut through, they offer 
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the wildest., ilie grandest, or the most bcautitnl and 
softest scenery. Tt is not always that lavers run 
through them, but they have been formed l)y I'ivers, 
and arc ready to act as VAUiter conduits Avheii 
required. 

Such are tlie varieties of form of the land, lie- 
sides these well-marked dilferences, eacli country 
has its oAvn special character and its own features 
by which it can be recognized and identified. All 
these features ina.3^ be traced Avithout much difliculty 
to a common origin, and arc explained by a reference 
to the changes now being produced on the surface. 
But this explanation AA'ould lead to another branch 
of the subject, Avhich it is not at present adAusable to 
discuss. It is enough for the student to knoAV and 
feel that there is an orderly and reg’ulated system 
traceable throughout, and that the hiAA'S of nature in 
the formation of the irregularities of the eaidh’s 
surface arc perfectly clear and Avell defiiu'd, certain 
causes always jn’oducing certain elfects, and the 
general result, iis noAv observed, being due to a suc- 
cession of changes constantly going on upon and 
Avithiii the earth. The nature and amount of ilieso 
changes it is a part of the science of Physical 
geography to determine. 
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CHAPTER III. 

MOUNTAINS AND ELEVATED PLAINS — LOW PLAINS AND 
VALLEYS. 


I’m. 7 . — Contour Seci’ion : Valley of the Ganges to the Arctic 
Ocean. 


a 



cf.— Himalaya mountains, h , — Plateaux and mountains of Central 
Asia. <r.— Low jilains of Siberia (Steppes and Timdra). 


The student will observe, on looking at the map 
forming the frontispiece of this volume, a dark line 
crossing the two great tracts of land, and in each 
case in the direction of their greatest length. This 
line represents the ridge of highest land, which 
generally consists of rugged and jagged ridges 
and detached peaks, rising from lofty plains, often 
cut through by deep chasms. The groups are 
connected by narrow necks of rock, over which a 
passage can be made with more or less difficulty. 
Each group forms a mountain or a mountain 
mass. Several such groups together form a 
mountain chain, and a number of these chains 
continued in the same direction become a moun- 
tain system. In Switzerland and some parts of 
France and Germany there are elevations of this 
kind well known to all travellers. The mountain 
called Mont Blanc rises nearly 16,000 feet above the 
sea. It is sufficiently detached to be recognized as 

4 
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a single mountain, but it is connected with other 
mountains on the cast and west by a number of 
narrow necks called passes. These mountains, 
again, are connected with others, all of which are 
spoken of under one name, as the group of the 
Savoy Alps. A little to the north are the Oberland 
Alps, including several well-known mountains rising 
to a great height. All these unite to form the 
mountain chain of the Western Alps. To the south 
are the Maritime Alps; to the cast and in the 
Tyrol, but connected with these, arc the Eastern 
Alps. The Carnic and the Noric Alps and the 
Julian Alps are names of various portions. Thus the 
mountain system of the Alps reaches across Europe 
from the plai;is of Languedoc to near Hungary. 

Immediately to the south and west of the plains 
of Languedoc, and quite detached from the Alps, 
though at no great distance, another mountain chain 
commences, well known as the Pyrenees. 

Immediately to the cast of the Alps, in Hungary, 
we have, in a similar way, another chain, that of the 
Carpathians. From the Carpathians it is not diffi- 
cult to trace a succession of mountain chains and 
systems into Asia, where the Caucasus, the Hindu 
Koosh, and the Himalayan chain, present lofty 2:>eaks, 
some of them the loftiest that rise above the genei-al 
surface of our globe. They are as much as six miles 
above the sea. Beyond the Himalayas the mountain 
system is continued by the Altai mountains and the 
mountains of China to the Pacific. 

But besides the chains of the Alps and other 
mountains which cross Central Europe, there is 
another system of mountains lising out of the 
general geographical axis of the Old World, known 
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as the Atlas cliain. These form the northern ex- 
tremity of Africa. When the whole of the land of 
the Old World is ix^garded as one, it is found that the 
Alpine and the Atlas moiiidains can only he looked 
on as the north and south ridges of a vast tract, 
much of which is elevated, but which has large and 
deep depressions between the principal elevations. 
Of these depressions the bed of the Mediterranean 
Sea is one of the most extensive, and it sepai’atcs 
Europe from Africa. It is connected with other 
still deej)er depressions, extending into Asia. But 
at the two extremities of this depression the moun- 
tain chains are (connected by veiy lofty plains, and 
even by distinct mountain chains. Thus the student 
will sec that the geograpJiical axis marked in our 
ina]D includes a Axuy lu'oad tract of mountains and 
plains ; that it is not niei*ely a single continued ridge, 
but a very complex system, mid that it must bo care- 
fully studied before its true nature is understood. 

Mountains, mountain chains, and mountain systems 
arc of great interest to the Physical geographer; 
for they serve as the clue by Asdiich lu) makes out the 
true history of the woild. They are I'cgardcd, with 
reason, as a kind of skeleton framework, and thus 
all that can be made out coiicerniiig tliem is ivorth 
knowing. Almost all the gi’cat chains ai’c connected 
with others of lower altitude, Avhich cross their 
direction almost at right angles. These secondary 
chains, called spurs, often form the hard central 
part or backbone of those long ])eninsulas and pro- 
montories that have been mentioned as particularly 
common on the south side of the central axis of the 
Old World. Thus the Apennines run out from the 
Alps to form Italy. The Piiidus chain, in the same 
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way, runs out to form Q-reece. There is a similar 
chain of high lands marking the outline of many 
other of the chief promontories. The Balkan is an 
eastern continuation of the Dinarie branch of the 
Alps, at the point where the Pindus branches. 

The two great parallel chains of the Atlas to tho 
south, and the Pyrenees and Alps to the north, are 
not everywhere disconnected. Between them, on 
tho west, are no less than three subordinate and 
parallel chains in Spain, of which the Sierra Nevada, 
the loftiest, rises to the altitude of nearly 12,000 
feet. On tho east they are connected by the moun- 
tains of Palestine, the Taurus, and the Antitaurus, 
of which Ararat (16,000 feet) is one of the loftiest 
peaks. Not far off are the mountains of the Cauca- 
sus, rising to nearly 18,000 feet. This double link 
enables us easily to recognize the fact of the identity 
of the two scries of mountain chains as parts of one 
vast system. 

Including the double chain, the whole breadth of 
the great gcograjWiical axis of the Old World is not 
less than 1,000 miles. The length we have already 
stated to approach 9,000 miles. The height varies. 
In the eastern Pyrenees, which is of the naturo 
of a jagged ridge, the highest peak is Mount Male- 
detta (more than 11,000 feet). The western Pyre- 
nees, on the north coast of Spain, where the system 
and chain die away into the Atlantic, are much 
lower. 

The Alps are a lofty group. There are at least a 
hundred peaks of more than 10,000 feet, several 
more than 12,000 feet, and some more than 16,000 
feet. The Carpathians are less lofty, but rise to 
nearly 10,000 feet in one point. The Balkan con- 
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ncct with the Carpathians, and also approach 10,000 
feet. The highest mountain of the Apennines is 
9,500 feet, and of Greece about 8,000. These are 
in transverse chains. 

The Atlas chain, parallel to all these, rises to nearly 
12,000 feet, and dies away towards Egypt, though 
stretching westwards far beyond the coast of Africa, 
as marked by the W estem Islands, which arc isolated 
lofty peaks rising above the level of the Atlantic. 
The eastern Atlas connects with the mountains of 
Arabia and Asia Minor; and in Western Asia the 
two western branches of the mountain system of 
the Old World converge. The Hindu Koosh follows, 
and is succeeded by the Himalaya chain, the loftiest 
on the globe. To the north of this chain are lofty 
plains and mountain ranges, contrasting strangely 
with the depressions of the Mediterranean Sea and 
the Aralo- Caspian Sea. The higher peaks of the 
Hindu Koosh exceed 20,000 feet, and of the Hima- 
laya there arc many that exceed 28,000 feet. 

In the several divisions of the mountain system of 
the Old World there are many peculiarities of great 
interest connected with the elevations. The slopes 
of all mountain chains are gradual on one side and 
steeper on the other. In the Alps the slope of the 
mountain sides is gradual on the northern and steeper 
on the southern side. The difference is great, 
strongly marked, and uniform. But the average 
slope of a mountain, measured by the angle enclosed 
between a horizontal line and a line drawn from the 
nearest low jilains to the summit, or from the nearest 
sea-level to the summit, is generally very small, and 
Avhen smallest does not at all prevent a very rugged 
and inaccessible mountain side from being presented 
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to the adventurous traveller. An average ascent of 
one in thirty, or 180 feet in a mile — a slope that can 
bo ascended by an ordinary train on a railway — 
would be equivalent to tlio slope if the total ascent 
to the summit of Mont Blanc were 100 miles from 
the nearest low land at the sea-level. It is consistent 
with the existeueo of flanking ranges separated by 
deep valleys and a succession of steep slopes, some 
of wliieh a goat could hardly scale, rendering tho 
ascent a feat rarely attempted, and never executed 
without serious risk. Tho ascent is more diilicult 
and steeper on the south than on tlio north side. 

Tliroiighout the mountain chains on tho northern 
side of the geographical axis of the Old World this 
continues to be the case. The cause depends on 
geologi cal consideration s. 

The mountain chain of tho Himalaya is connected 
with a series of very lofty tracts, out of which moun- 
tains arise, but which are as level as the low plains 
near the sea. These arc tho lofty plains of Central 
and Northern Asia. It Avould seem unnecessary to 
point out the fact fhat flat lands arc not necessarily 
low lands ; but most ])eopJe associaf e an idea of low- 
ness or nearness to the sea-level with any extensive 
plain. In nature, high plains arc very common, and 
they exist within or on one side of almost all moun- 
tain chains. In Europe they occur in the Iberian 
peninsula (Spain and Portugal), where a lofty flat 
country on the south contrasts strongly with tlio 
low flat country of Languedoc, on the nortli of the 
chain of the Pyrenees. 

Tiic Pyrenean chain rises very suddenly and to a 
great height on the French side, like a wall. On 
the opposite, or Spanish side, tho descent is very 
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much less, and reaches only to the plains of Castile, 
between 2,000 and 3,000 feet above the sea. Through 
deep cuts or gorges in these plains the rivers have 
eaten their way, and throughout Spain to the south- 
ern coast the same general character is retained. 
Out of these plains rise three principal mountain 
ranges, of small breadth; one of them is the Sierra 
Nevada, only inferior in elevation to the loftiest of 
the Alpine groups. 

Much of the same kind, but on a still grander 
scale, is the table-land of Abyssinia, difficult of access 
from the scfi, owing to the rocky and precipitous 
nature of the niountaiii gorges, and equally difficult 
to cross, because of the deej) ravines, in which run 
the tributaries of the Nile, that make their w^ay 
through them. The plateaux of Arabia and Persia 
are similar, tliough of inferior elevation. The high 
plains of Armenia succeed them. Next comes the 
vast plateau or table-land of Tibet, from (5,000 to 
10,000 feet above the sea, broken up into many divi- 
sions, but including the most extensive tracts of 
high land on the globe. It extends from the nor- 
thern foot of the Himalaya to the foot of tlic moun- 
tains of Eastern China. South of the Himalaya 
are the plains and mountains of Northern India, 
which are continued towards the south in the 
Western and Eastern Ghats and the Neilgherey 
Hills. 

Eesides Abyssinia, almost the whole of the coast 
lands of Africa, from the equator to the Cape of 
Good Hope, on both sides of the continent, consist of 
table-lands rising somewhat rapidly irom the sea to a 
considerable height, i-ctainiiig that height, with few" 
undulations, for a breadth of some hundred miles, 
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and then subsiding gradually towards the interior. 
The southern streams of the continent pass out to 
the sea by narrow channels, but, except the Zambesi, 
whose course was followed by Dr. Livingstone, 
there is hardly any river of importance. Thus Africa 
has a belt of table-land near the coast from 3,000 to 
0,000 feet above the sea, while in Europe and Asia 
the table-lands are in the interior, and arc directly 
connected with the mountain system of the Old World. 
Out of the African table-land rise mountains, one of 
which exceeds 20,000 feet. 

The Western continent also possesses its geogra- 
phical axis. It is, however, a north and south axis, 
instead of an east and west. No wonder that, with 
so great and important a difference, the conditions of 
life in the New World differ so greatly from those of 
the Old World. Of the two parts of the American land 
the northern is much the wnder, and much the more 
complicated in its structure, and it is that w^hich 
compares most easily with the Old World. The chief 
mountains of North America are the Rocky Moun- 
tains, some of wdiich arc volcanic, ranging nearly 
from the Arctic circle to the Mexican table-land. 
They arc lofty and grand, but are not alone. They 
are flanked towards the Pacific coast by other chains 
of smaller elevation, and between them are important 
valleys, lakes, and deserts, but no very high plains. 
Towards the interior of the continent there are other, 
though less considerable, mountains. But the chief 
point of importance is the existence of a second 
range near the east coast, called the Alleghany 
Mountains, much less lofty, but parallel with the main 
range, although separated from it by a great bi’eadth 
of prairie land, watered by the Missouri and Mis- 



MOUNTAINS OF AMERICA. 


41 


sissippi. Tlie Alleghany Mountains arc continued, 
though not by mountains of great elevation, and 
■with oeeasional intervals, botli north-eastwards, into 
Canada, and southwards, to the northern group of 
the West Indian islands. Perhaps the group of the 
Antilles to the south-east indicate a conneeting link 
with the eastern mountain chains of South America. 

The great mountain system of America, commenc- 
ing with tlio Rocky Mountains, is continued south- 
wards by the mountains and table-land of Mexico, 
and thence, by a perfectly continuous chain, to the 
Andes of New Granada. Once entered on the chain 
or cordillera * of the Andes, ^ve hnd a very well- 
marked series of gi^oups, all of the same general 
nature, consisting of very lofty but small plateaux 
or table-lands, situated amongst a number of conical 
and jagged peaks, often volcanic, and many of them 
only inferior in altitude to the highest parts of the 
Himalayan chain. These groups are separated, but 
the passes over the necks between them are of great 
height, and most of them very difficult of access. 
Several, however, arc now regularly travelled. The 
chains of the Andes south of New Granada are those 
of Quito, Peru, Bolivia, Chili, and Patagonia. Still 
farther south the chain is represented by detached 
summits seen above the level of the sea (the Tierra 
del Fuego), until at length these connect with the 
highlands of the Antarctic circle. 

South Amei’ica, like North America, has a second 
mountain system, though it is even less completely 
developed. It is recognized in the Brazilian moun- 
tains already alluded to, and these are im])ortant as 


* The Siiauish name for a mountain chain of importance. 
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dividing waters of considerable magnitude. The 
Organ Mountains of Brazil are not lofty, but they 
are beyond measure i*ich in vegetable life. 

The dilferent members of the groat system of the 
Andes all contain plains, though for the most part 
they are of small size. Some arc nearly as high as 
the summits of the highest mountains of Europe. 
Some have lakes of fresh water, and the shores of 
some of tliese lakes arc inhabited. A fjw arc of 
sufficient size to be objects of very great interest. 
There arc scarcely any elevated plains of large size 
on the American continent, cxcejit that on which the 
city of j\Icxico is built. 

Australia has one mountain system. It is not 
very lofty, but has all the properties of a system. 
Its range is nearly north- so nth, and it agrees in this 
respect rather with the subordinate mountain groups 
representing spurs of the gi’eat system, than with 
any part of the general system itself. The position 
of Australia connects it distinctly Avith the Old World 
rather than Avith the Kew; but there are appearances 
of a sunken continent in part of the Pacific Ocean Avith 
Avhich they may still better agree. The Australian 
Alps run along from north to south on the eastern 
side of that continent, and appear to connect by sub- 
marine elevations with the islands of Ncav Zealand, 
Avhich have a lofty and volcanic chain running through 
them. There are no eleA*ated plains among these 
mountains, nor are they double or compound gi’oups. 

Besides the great mountain systems, the parallel 
or Haidving chains of lower clcA'ation tire subordinate 
to them ; and included Avith them and the spurs, or 
projecting ranges, also subordinate, there exist in 
certain parts of the world isolated mountains, gene- 
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rally volcanic, and isolated or detached groups, quite 
independent of any main system. Among the latter 
is the Scandinavian chain, which has no dependence 
on the Alps, and docs not approach the Pyrenees, 
and which can in no sense he regarded as a spur of 
any ]:)art of the great in ountain system of the Old 
World. TJie Scandinavian chain, though not lofty, 
is in all respects a true mountain group. It con- 
nects soutliAvards with the Scottish mountains and 
those of Cumberland and Wales, and perliaps Ire- 
land, but cannot be traced farther. It appears, 
indeed, to be of very much greater antiquity than 
the main system, and indicates perhaps the position 
of a geographical axis at a very early period of the 
cartli’s history. The Ural chain, also very low, has 
the same direction, and does not seem to be a spur 
of the Caucasus. 

In the great islands of the earth there is generally 
a central niountain axis, often of very great elevation 
at some few points. In many cases such high peaks 
are the cones of volcanoes ; but in others, and indeed 
in most ciises, the niountain chain will be found 
subordinate to that of the nearest adjacent continent, 
This is the case in Madagascar. It is also the case 
in the great islands of the Indian Archipelago. 

Although it is not easy to draw any very decided 
lino between hills and mountains, the words being 
used in common language rather to distinguish cases 
of relative height above the sea than describe struc- 
ture, it is still camveiiieut to recognize ii distinc- 
tion. Thus, in Wales and Scotland the elevated 
summits, though not loftier than hills, are really 
mountains. For the same reason the Malvern Ilills 
are structurally mountains, for all are parts of a 
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great old mountain system. They are not of any 
great elevation, but^ their scenery is peculiar, and 
their outline simple and bold. Many elevations far 
more considerable have no pretension whatever to 
the mountain character. The real difference lies 
rather in the 'geology than the geography of the 
district ; but, under any circumstances, mountains 
belong to great geological movements, generally of 
upheaval, which liave displaced and tilted all tlie 
rocks, and hills are examples of recent denudation. 
In the case of mountains the original displacement 
has been followed by the wearing away of the loose 
broken and soft rocks, leaving bare the lower and 
harder kinds. Thus mountains involve elevation, 
followed no doubt by the 2)rocess called acjiteotis 
demidailon, or the clearing away by water of the 
broken and soft material. Hills, on the contrary, 
when 2u*operly so named, are the irregularities 
and uneven surfaces of soft and modern rocks, 
as cleared by the action of weather, and es^je- 
cially rain and frost. This is called aerial denuda- 
tion, The irregularities of surface in table-lands 
are rarely more than are due to the partial removal 
of the rock, whatever it be, of which the table-land 
is composed. In time, table-lands of small elevation 
and moderate extent become converted into hilly 
districts, simply by the gradual widening and inter- 
section of the valleys ju’oduced by aerial denudation. 

Valleys are lurrows or depressions either on the 
sides of mountains or in table-lands ; but the low 
ground, nearly level, through which a river runs, 
after having left the mountains and high ground, aiid 
before it reaches the sea, continues to be called valley, 
altliough no longer a depression. Thus the lihine, 
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commencing with the melted snow of the Alpine 
glaciers, runs for a long distance in a distinct valley 
between rocks and cliffs, or between bold hills on 
either side, and opens out at length in the broad flat 
expanse of Holland. This wide tract of flat land is 
also regarded as part of the valley of the Rhine, 
till we reach the point where the mud already depo- 
sited by the stream where it meets the sea is the 
only land that remains. The same is the case with 
other great rivers terminating in a wide level plain. 

Looked on in this light, valleys are of several 
kinds. Some arc mere mountain gorges or ravines, 
very steeply inclined, having rocky sides, and serving 
as conduits to carry off the water that comes down 
in torrents from high lands after heavy rain. Such 
valleys, in their upper part, may receive the snows 
that there replace rain, and these snows, freezing 
and constantly increasing in quantity, may become 
enormous masses of ice, or glaciers (sec p. 1)8), which 
reach the lower and warmer parts of the valleys 
faster than they can be melted. In such cases they 
encroach on the lands that might otherwise be culti- 
vated. Generally, however, the valleys of mountain 
districts are water- channels, carrying down the rains 
into the comparatively level lands below. At first 
the streams arc mountain torrents, but as they des- 
cend towards the open country they gradually open 
out and lose something of their torrential character. 
But it rarely happens that they fail in indicating 
their origin. They arc duo partly to the variations 
and irregularities of surface inevitable when rocks 
have been lifted up many thousand feet and con- 
verted into mountains, but chiefly to the perpetual 
action of water flowing over and amongst them, 
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undermining some rooks and eating ont otkers, bnt 
always fending to widen and deepen tlie water- 
course, and generally selecting the readiest course 
downwards. 

But all valleys are not of this kind. There are 
some which do not commence on the sides of high 
mountains, which have no glaciers, and which have 
nothing to do with torrents. Such are the valleys 
of table-lands. They arc clefts or ravines in flat 
limestone or other rocks, often winding about in a 
complicated manner, often conveying vast bodies of 
water, which may rush along and fall over precipices, 
or run rapidly over huge stones, but usually having 
highly inclined or verii cal walls, which close them in 
distinctly and strictly, though sometimes they are 
miles apart. 

Few varieties of scenery are more grand than 
those which are oflbred in valleys of this kind. They 
often commence abruptly in a narrow fissui-e in the 
rock. Becoming watercourses, which must happen 
when they receive tlio drainage of the elevated 
plain they intersect, they naturally become worn and 
show the action of water ; but in many cases they 
retain their essential characteristics as long and 
comparatively narrow clefts in rocks, lying almost 
horizontally, and whose surface is many hundred, 
perhaps many thousand feet above the sea. 

Deep narrow valleys in table-lands, and mountain 
valleys generally, terminate abruptly before they 
reach the sea ; and during the rest of their course the 
rivers that have been carried through them continue 
their course to the sea through flat lands, very little 
elevated. 

Such flat lands are called low plains. They are in 
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most countries very extensive, and in some compose 
by far the largest part of their surface. Like the 
table-lands, they are known by different names in 
different countries, but the same general description 
applies to jill. Besides the low plains crossed by 
rivers, there arc, however, some others in the interior 
of contiiiciits that are in no way connected -with 
drainage. Some of these are barren, as the great 
deserts of Africa and Arabia. Some are more fertile. 

Almost all the principal divisions of the earth con- 
tain largo tracts of low plain. In the south-east of 
Europe there is a vast expanse of level land, about 
sixty feet above the level of the Black Sea, known as 
the stejp^es. These vast plains reach back in places 
to the Arctic Ocean, without interruption from rising 
ground, except a very few low hills. They arc to 
some extent undulating, but only because here and 
there depressions appear, in which during winter the 
snow rests, although in summer there are villages in 
them. TJiey contain a few trees, and generally water 
may be found by digging. With the exception of 
these hollows, only seen when nearly reached, there 
is no break in the monotony of the landscape. In 
summer the plains arc partially cultivated, and good 
crops are got from them. They are extensive enough 
to grow corn for the whole of Europe. There arc 
no roads over them, and no stones. The value of 
the soil varies greatly in different parts, but the cha- 
racteristics of the surface remain. These vast plains 
extend into Siberia, and across the whole of Northern 
Asia. 

In Arabia and in the interior of North Africa are 
extensive low plains, called deserts^ in which little 
rain falls, and where no cultivation is possible, except 
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in the comparatively few parts where springs of water 
either exist naturally or have been reached by sink- 
ing wells. In the central parts of Africa, below the 
equator, there is also a large area of low flat lands. 

North America has very extensive tracts, known as 
'prairies or savannahs. They occupy more than two- 
and-a-half millions of square miles, chiefly between 
the Rocky Mountains and the Alleghanies. There 
are several varieties, some being plains covered with 
low bushes and heath, others are grassy, others again 
covered with pools and swjimps ; while some exten- 
sive districts are covered with loose sand, which, till 
properly checked and kept from shifting, is constantly 
tending to extend its sway, and convert good culti- 
vable lands into deserts. The pine is an invaluable 
remedy in such cases, and the great tracts partly 
covered with pine are called pine-barrens. Other 
wide tracts of low land, more to the north, are 
swamps in rainy weather, .and only available during 
the fine season. On both the great continents there 
is a vast preponderance of low plains towards the 
northern extremity. 

In South America we have first, in the northern 
part, the llanos, or low plains, traversed by the 
Orinoco and Amazon. These are of two kinds : one 
consists of forest plains, of which there is more than 
a million of square miles, much of which is inuiid.ated 
every ye.ar ; and this part is covered with rich tree 
vegetation or forest coming down to the water’s 
edge, and is little above the level of the rivers. 
The other kind (called llanos altos) occur in the 
upper part of the river, are much smaller, and are 
comparatively barren. They are without stones, and 
covered chiefly with grass. 
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Tlie pampas arc also treeless plains, and are nearly 
as extensive as tLc llanos, occupying a length of 
nearly 2,000 miles. They stretch across a large por- 
tion of the south temperate zone in South America, 
reacliing into Patagonia ; and, though varying in 
diflfenuit places, are for the most part level, or very 
slightly undulating plains, without trees, and yield- 
ing an almost indeliiiite supply of herbage for horses 
tmd cattle. 

Australia has extensive low plains in the interior 
as well as on the coast, and they are covered with 
vegetation at one period of the year, but dry and 
naked at other times. 

Other large islands on the earth are similarly pro- 
vided. It is easy to perceive that the low plains and 
valleys are more important in many ways — in the area 
they occupy, in their usefulness to man, the nature 
of their products, and the relation they bear to the 
rest of the land — than mountains and plateaux. They 
have also, and always have had, a marked reference 
to the distribution of plants, animals, and human 
racTS. It is the mountain chains that mark the grand 
outlines, and represent the bony framework of the 
earth, but the lower lands arc those on which plants 
and animals best thrive. 
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CHAPTER IV. 


TITK OCEAN. 

FuJ. 8. — IlESiispnERi: t)B' Greatest 'Wate.r, 



THPvEE-FOUiiTTTS of tlio wliolo surfacG of the earth 
being covered by water, which occupies aliuost cvcjy 
depression below a certain level, and whoso sur- 
Jace remains at the same distance from the earth’s 
centre, it will be understood that the form .and ])Osi- 
tion of tlio coast-liiic which rises above that surface 
absolutely determines the form and number of the 
different sheets of w.atcr. Strictly sjJcaking, how- 
ever, there is only one ocean or expanse of water ; for 
the great continent, or Old World, the continent of 
America, and that of Australia, are but the largest of 
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a multitude of detached lands surrounded with 
water. For the sake of convenience it is usual to 
recognize several divisions of this great body, 
although in this case, as in the designation of the 
land, geographers have not always been agreed as to 
the method of dividing and the names to he given. 

Three groat oceans arc very easily determined. 
One is very much larger than either of the others, 
]jut all are well defined. The largest is the Pacific, 
the Atlantic comes next, and the Indian Ocean is 
tlie smallest. Tlie water contained between the 
western coasts of Europe and Africa and the eastern 
coast of the two Americas is that usually called the 
AMaiitic Ocean, sometimes the Atlantic Canal, from 
its narrowness in proportion to its length. It is the 
ocean of chief interest to civilized nations. The 
I\aeific, thong] 1 far larger, is less important. It 
extends from tlie east coast of the land and islands 
of the Old World and Australia to the west coast of 
the New World : it covci’s more than half the surface 
of the globe. These two great oceans are open to and 
connected with othei’S of much smaller size. Be- 
tween the Pacific and the coast of Africa is the third, 
or Indian Ocean. Between the Atlantic and Pacific, 
towards the north, is the Arctic Ocean ; and between 
the Atlantic, Pacific, and Indian Oceans, and the 
South Polar land, is the Antarctic Ocean. These 
two (sometimes called the Polar Seas) afford a ready 
communication by the south, and a much more 
difficult but open-wniter communication by the north 
between the Atlantic and Pacific Oceans. 

The Atlantic Ocean, though very much smaller 
than the Pacific, is better known, because it is much 
more frequented, and is the great highway of trade 



52 


THE WORLD WE LIVE IN. 


between the most commercial and energetic peoples 
in the world. It is bounded by the western shores 
of Europe, and two vast seas, the Mediterranean and 
the Baltic, open into it from the east. The former 
runs far inland between the south of Europe and 
the north of Africa, washing the shores of Asia 
Minor, and penetrates by the Black Sea into Asia. 
The Baltic is a very extensive but shallow sea, en- 
tering the north of Europe. On the other side the 
Atlantic washes the eastern shores of Worth Ame- 
rica ; and there also great inland seas, opening into 
it, penetrate the land to a vast distance. Between 
Worth and South America the Grulf of Mexico 
and the Caribbean Sea partake of the nature of 
inland seas, and add greatly to the magnitude of the 
Atlantic ; and the length of its coast- line is every- 
where exceedingly great compared with its area. 
The length of the Atlantic from the Arctic to the 
Antarctic Oceans in about 9,000 miles. Its breadth 
is irregular, varying from 800 miles between Green- 
land and Worway to more than 5,000 miles under the 
tropic of Cancer. It diminishes in breadth towards 
the south, and between Africa and Brazil is only 
about 1,500 miles. It again widens still further 
south, as the shores of Africa and South America 
diverge gradually; and between the Cape of Good 
Hope and South America the distance is nearly 
4,000 miles. The area of the ocean is about 
27,000,000 of square miles. 

The Atlantic Ocean is thus a great canal, ranging 
north and south, and allowing of a direct water 
communication from the Arctic to the Antarctic Seas. 
Crossing the equator, and reaching nearly to the 
two poles, its waters exhibit every variety of tempo- 
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rature, being heated at the equator to as much as 
90 degrees, and lowered to the freezing point 
towards the poles. The varieties of motion to which 
it is subject are not less extreme than those of 
temperature ; and in all we may recognize the influ- 
ence of the vast tracts of land which enclose it and 
force it into various conditions, which again react 
on the land, especially on the shores of the two con- 
tinents, and most especially on the lands in the 
Northern hemisphere, where the influence is on all 
accounts the greatest. 

Hence it is that the Atlantic is frequently dis- 
turbed by storms, and is dangerous from the magni- 
tude and broken nature of its principal waves; 
hence, also, the complication it ofiers of those perio- 
dical movements called tides ; also the more regular 
movements or currents, which arc strongly marked 
chiefly because of the canal form of this ocean. The 
atmosphere over it is also greatly aflccted by the 
form of the enclosing land, the tides, and the 
currents, and all these acting in concert gi'eatly 
affect the climate of lands far away from the imme- 
diate shores of the ocean. It would need long and 
careful study to determine all the results of the 
form, extent, and direction of the Atlantic Ocean. 

The form and depth of tlio bottom of this great 
body of water are also important, and have great 
influence on the movements of its waters. It is not 
easy to loam accurately the form of an ocean floor. 
Wo cannot hope to see it under any circumstances. 
We can only reach the deeper parts by very car^ 
fully contrived apparatus ; and while each separa^ 
observation taken in deep water requires much ti* 
as well as numerous precautions to prevent t 
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it needs many thousand snch observations i-o give 
even a faint ouiline of the truth. This work has, 
however, been clone to some extent ; and not only 
the form but the actual material of the floor of the 
Atlantic are known. Deprived of its watei’, the bed 
of this ocean Avould be a deep valley, with some very 
deep depressions. Like other large depressed tracts 
of land between two mountain chains, it would 
resent large level areas bat little depressed, occa- 
sional hills varying the surface of these low plains, 
sudden and rapid slopes descending to lower levels ; 
these representing, but in inverted order, the high 
plains or plateaux of the land, and other depressions 
reaching profound depths rejiresenting mountain 
chains and lofty peaks. The depths nearly coiTe- 
spond with the heights on land. The greatest depth 
in the Atlantic is something' greater than the greai est 
height of the Himalayan chain. 

There are islands in the Atlantic, consisting of 
detached peaks rising out of deep water, and many 
more and larger islands near continents, consi sling 
of irregular summits, separated by small do})ths of 
water from the nearest land. Dut the islands ai’o 
few and unimportant compared with the magnitude of 
the ocean. The West Indian group, the British 
Isles, the Azores, Madeira, the Canaries, and a few 
others, are exceptions to a very general lule. There 
are, however, numerous islands in the Mediterranean 
and other enclosed seas, although on the whole the 
Atlantic presents a nearly uninterrupted water surhice. 

In proportion as the open water is uninterru]>tcd, 
the line enclosing the waters of this ocean is bi'okcn, 
indented, and elongated. The coast-line of the whole, 
measured round each bay and headland, and following 
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each indentation and inland .sea, i.s marvcllonsly ex- 
tended as compared with what would be the case if 
there were no brcalcs. Tlie Atlantici is a sea remark- 
able for its inland scfis and gulfs. Tlio former ar(i of 
the greatest importance to mankind. The Mediter- 
ranean is itself almost an ocean, not so much for its 
magnitude (wliicli is, however, more than a million 
and a quarter square miles) as for its varied features 
and its deep ramifications into the great continent of 
the Old World. By the canal recently completed 
tlumigh the narroAv and low Isthmus of Suez it 
connects the Atlantic with the Indian Ocean. It 
separates Europe from Africa. It has many 
promontories, many gulfs and bays, and several 
islands ; it receives the waters of many large 
rivers, and is connected with largo inland seas, of 
which the Black Sea and the Sea of Azof are 
the most important. Many parts are exceedingly 
deep, and it is divided into two parts by a ridge 
which at one time formed a connecting link between 
the Pyrenees and the extremity of the Atlas Moun- 
tains. It.s waters arc salt, and their temperature 
higher than thnt of the ocean outside the Straits of 
Gibraltnr, which conm^ct it Avith the Atlantic. The 
Baltic is a long, narroAA", Avinding, and shallow sea, 
having an area of nearly a quarter of a million of 
square miles. It spreads out like the fingers of a 
hand. On the shores of the Hew World Ave haA^e the 
Gulf of Mexico, Avi th the Caribbean Sea, and Hud- 
son’s and Baffin’s Bays, all equally remaikable for a 
eomplieatod outline, Avhile the Gnlf of St. LaAvrence, 
nearly shut in by the peninsulas of No\'a Scotia and 
iNTowfouiulland, completes the outline. Thus the 
(lec])ly indented coasi is a^gcmeral characteristic. 

Tbc l^iciiic Ocea]^ nearly 00 millions 
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of square miles,* and is exceedingly ricli in islands. 
The largest of those are chiefly clustered in the 
Indian Archipelago and near Australia; but tlic 
number of small islands dispersed in the open ocean 
has never been accurately ascertained. I''hore arc 
certainly many thousands. The form of the Pacilic 
is an oval, wide to the south and narrowing towards 
the north, leaving only a narrow passage into the 
Arctic Ocean by Behring’s Straits. Owing to its 
vast size and freedom from interrupting land, this 
ocean is less subject to violent gales than the Atlantic 
(whence its name), and its currents are less strongly 
marked. 

On the whole the shores of the Pacific enclose a 
vast area of water of variable but great depth, and 
the form of the ocean floor is i)resunied to resemble 
that of the Atlantic. This is, however, very imper- 
fectly known, owing to the comparatively small num- 
ber of observations of depths that have been made, 
and the far less amount of navigation on its waters. 

There arc not less than five land-locked or closed 
seas on the northern shores of the Pacific; but though 
large they are less important than those of the Atlan- 
tic, and very much smaller in proportion to the extent 
of open water. The peninsula of Aliaska and tljc 
Aleutian islands enclose the Sea of Behring ; tlie 
peninsula of Kamtschatka and the Kurile islands 
shut in the Sea of Okhotsk ; the islands of Formosa 
and Loo Choo enclose the northern China Sea ; and the 
Philippines and Borneo the southern Sea of China. 
On the American side we have the Gulf of C.alifornia. 

* The area of the Pacific is variouRly estimated by different 
geographers, according to the boundaries assumed. The above 
agrees with the measurements given of the other oceans. 
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Tlic coast-] in c of the Pacific is very little indented. 
On the Asiatic side, although there are several 
inland seas, they are chiefly formed by islands, and 
the coast itself is comparatively unbroken, with the 
exception of a few not very largo peninsulas. On 
the American side California is the only large penin- 
sula, except Aliaska. Between C California and Pata- 
gonia, on a length of coast amounting to about 5,()0d 
miles, there is hardly a promontory or a bay worthy 
of notice. 

The Indian Ocean (area about 23 millions of square 
miles), unlike the Atlantic and Pacific, is entirely 
shut oir towards the north by the land of Asia. It is 
enclosed on the west by Afn'ca, on the east by the 
Malayan peninsula, the islands of Sumatra, Java, a:c., 
and Australia, and is quite open to the south. Its 
form is that of an irregular triangle. It has many 
important inland seas, of which that sometimes called 
the Persian Sea (into which enter the Red Sea and the 
Persian Gulf) and the Bay of Beugal are the prin- 
cipal, and a few islands, of which ^ladagascar and 
Ceylon arc by far the largest. Both arc connected 
with the adjacent main land. There are also a mul- 
titude of small coral and a few volcanic islands. 
The length of its coast-line is considerable. 

The Arctic Ocean (between three and four millions 
of square miles) is b{)nnded by the northern coasts of 
]hiroj)e, Asia, and America, and connects both with 
the Atlantic and Ihicilic. For a large jiart of the year 
it is choked with ice, and from the lands that enclose 
it huge masses of ice are detached, and float down 
through this sea into warmer latitudes ; but there is 
some reason to believe that open water extends in 
summer quite to the Polo. It has a very indented 
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coast-linc, and contains some large islands. Green- 
land is tlic largest; Nova Zembla, Iceland, and Spitz- 
bergon are all important. Tbc Antarctic Ocean 
(area 2 millions square miles) is less known than tlie 
Arctic. It contains much more land, and is nearly 
unapproachable, owing to tbe ‘^severity ot the cjold. 

The writers of the ocean are every wliere sail, but 
the degree of saltness varies : nearly tlihty-fivo parts 
in a thousand of solid matter is the average. The 
salts include about twenty-four parts of common 
salt, and about four parts each of salts of magnesia, 
and soda, which render the water bitter and nauseous. 
The oilier contents are very numerous, but small in 
quantity. Sea water contains a certain quantity of 
air, which is necessary to the existence of life. Con- 
taining so mucih solid matter, sea water is densci* 
and weighs heavier than an equal quantity of fj*esh 
water. The 2 u*csence of the salt in water proven is 
it from freezing at the ordinary temperature at which 
other water becomes solid. 

Owing to the facility with which fluids are moved, 
the waters of the ocean are constantly exposed to the 
action of Avind and changes of temjierature, and are 
rarely still long iogether. Besides the Avinds there 
is an important cause of disturbance in the direct 
attraction of the moon, AAdiosc position Avith regard 
to the earth is constantly shifting, and Avhich, oAving 
to the revolution of the earth on its axis, acds con- 
tinually at a different part of the surface. Tlio 
attraction of the moon on the solid earth is in pro- 
portion to its mass, but as the Avholo earth must be 
di*awn tog(ither, and only the Avater that is luiarest, 
the result is not very different in amount ; but its 
effect necessarily is to draAV the earth aAvay from the 
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water on the o])positc side. Thus wliiJo the water 
nearest the moon is drawn towards it and bulges a 
little, iho cartli being drawn at the same time in the 
smne direction, there is a bulge of water on the op- 
posite side. This is of course constantly going on ; and 
tlius, if tlicro wore no projecting land, there would be 
one small wave forming high water jit the part of 
the earth nearest the moon, always following the 
moon, and another such wave exactly opposite, in the 
other hemisphere, advancing in tlic same direction. 


Fji!. 0.— Course of the Tidal Wave. 



Those two small waves, whose height would probably 
not exceed a few inches, are in fact Ibvnied and 
traved across the open pari of the Pacific Ocean ; 
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but they would hardly be discovciublc by the nicest 
observation, although they originate the true tidal 
wave. They fire greatest when the earth is between 
the sun and moon, or the moon between the sun and 
earth, because the sun also acts in the same way, 
though to a very much sinjiller extent. Thus the 
full and new moon are times of high, or, as they are 
called, spring tides. The influence of the sun and 
moon at the quarters being opposite, those arc times 
of reduced or neap tides. 

The tidal wave being thus formed, it is modified 
and sent out of its course whenever the land comes 
in its way. Originating, as we have assumed, in the 
Pacific, the wave follows the apparent path of the 
moon from east to west, until it is met by the long 
chain of islands find lands extending as a barrier for 
nearly 8,000 miles. 

Checked and broken by this barrier, the wave still 
continues to advance, though it loses its regular 
character. The amount of rise of the water that 
cannot be discovered in the open ocean becomes 
multiplied when forced to pass ihrough narrow chan- 
nels, and, mixing with the rest of the true tide-w^ave 
of each sea, is conducted through the Indian Ocean 
and round the Cape of Good Hope to the Atlantic. 
Its progress, however, is then very different. 
Owing to many interruptions, the wave has been de- 
layed, and several Avaves arc combined; while, owing 
to the form of the Atlantic valley, the combined wave 
is altered entirely in direction, and is pushed forward 
in a direction nearly north. The water being 
throughout of variable depth, there is a still further 
cause of modification, and thus we at last obtain that 
exceedingly complicated alternation of water level 
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called the Atlantic tidal wave. This wave, whoso 
course and rate of advance arc known, and which is 
already quite distinct from the simple wave described, 
advances and enters many narrow seas, and thus be- 
comes altered still more, and still further magnified ; 
so that, from being originally measured by inches, it 
is found to rise and fall twenty, forty, or even seventy 
feet in certain places. There is another very impor- 
tant consideration. The tidal \wave, originally only 
a moving up and down of the water, involving no 
forward motion of the body of water in the ocean, 
becomes at last changed into a positive advance and 
recession, carrying the water forwards and backwards, 
and becoming what is called a stream or current. The 
true tide-wave is not a stream, and in open water, or 
in a great ocean, has no effect in impelling vessels 
onward. It only becomes a stream as it enters and 
runs up narrow channels. In the absence of land, 
the tide- wave would complete its course round the 
earth in twenty- four hours, but would be hardly per- 
ceptible anywhere. Interrupted as its course is, the 
wave becomes very distinct, though still small, in 
the Atlantic, and as it passes along the coast of I'lng- 
land, and through the British Channel and German 
Ocean, it sweeps onward, in some places advancing 
and retiring four times a day, and occasionally rush- 
ing in or receding with great velocity. The main 
tidal wave, which takes little more than twelve hours 
in travelling from the shores of Australia to those of 
Africa, takes ncarl}" as much to I’cach the Canary 
Islands, and four hours more to arrive at the mouth 
of the British Cluinnei. It there divides, part goes 
up the Ii'ish Sea and round Great Britain into the 
North Sea, and part up the British Channel to the 
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German Ocean. Thus are produced local tides, and 
sometimes double tides, and the phenomena become 
more and more complicated. 

llesides the alternate motion of tlie tide rising 
and falling every few hours, but nowhe]*e steadily 
advancing, there are also other and not less im- 
portant niovements of the water, some occasional, 
some peipetual. The former are due to occasional 
winds, whose action lifts the surface of the water, 
and after a time effects a definite system of waves. 
These are wind or storm Ava\'es, varying according 
to the force of the Avind. They are sometimes so 
])Owerful as to risk the destruction of any ship ex- 
])osed to them. They rise to a great heiglit — occa- 
sionally as much as foi*ty feet — and the tojis or crests 
break and fall over with terrible force. Storm 
AvaA’cs drifting in shore (wer water gradually shoal- 
ing are magnified to a much greater extent, and are 
often destructive not only to shi])s ex])Osed to them, 
but to the cliifs themselves against AvJiich they beat. 
JN^othing can resist their Auolcnce. 

But most remarkable of* all ai'o those stream 
currents — rivers of salt Avatcr running between banks 
and over a bottom of salt Avater— of Avhich a very 
Avonderful and AAxdl-knoAvn examine is seen in the 
Gulf Slrcani of the Atlantic. This stream, Avhatcver 
its preAUGUs history may have been, may be best 
understood A\dicn traced from the Gulf of Mexico, to 
Avhich it oAves its name. It issues thence as a stream 
of hot water, originally set in motion by some causes 
Ave cannot yet fully understand, ami running through 
the narroAV channel forjiied by the Bahama Islands 
and the coast of Florida at the rate of nearly iiA^e 
miles an hour ; its width being there more than 30 
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miles, and the depth estimated at 1,200 feet. This 
vast stream Avidciis, shallows, and slif^htly cools as it 
passes iioidh wards along the shore of North America. 
It tlieii turns eastward, and passing Newfoundland, 
crosses tlie Atlantic towards the European coast. 
Constantly widening and becoming less deep, dimin- 
isliiiig ill its rate of progress and liocoming cooler as 
it runs on its coarse, tliis magnilicent current con- 
tinues to be a warm stream, limited in width and 
do])th, and travelling steadily onwards. As a cur- 
I'l'iit it is lost long before reaching the shores of 
Europe, but its influence is felt, inasmuch as from it 
arise tlie south-westerly winds that tend to -warm 
the west coast of Europe and the islands. There 
can ])c little doubt that in this 'way the Gulf Stream 
conveys a large aniouiit of heat, and gives to a largo 
area on the west coast of the Atlantic a more 
moderate and ecpiable climate tlian would otherwise 
heloiig to it ; a climate much more moderate than 
that of places in similar latitude on the ojiposite 
shore, or on either shore of the Pacific Ocean. 

There is no current in any of the oceans so im- 
portant, or in every way so well marked, as this, but 
there are many that are sufticiently powerful and 
influential to deserve notice. They exist hi all largo 
seas to some extent. In ilie Atlantic, besides the 
Gulf Stream, we find a cold Arctic current bringing 
down cold waicr and ice from the pole to the shores 
of America ; a hot ecpiatorial current from the coast 
of Afi'ica, part of which enters the Caribbean Sea, 
and part runs down southwards along the coast of 
llrazil ; and a cool Guinea current from the entrance 
of the Mediterranean, close to the African coast, as 
far as the equator. 
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The Pacific Ocean also has its currents. There 
is the main equatorial from America to Asia ; an 
Antarctic cold current running north-eastwards from 
the South Polar seas; the Japanese current, repre- 
senting, in a Tciy modified form, the Gulf Stream ; 
and the Mexican coast current from California to 
Panama, varying with the season. There arc others 
connecting these with each other, or with the 
Atlantic on the one side, and the Indian Ocean on 
the other. The Indian Ocean receives the equatorial 
current, and conveys it as a drift between Madagascar 
and the main land of Africa, and so round the Cape 
of Good Hope to the Atlantic. There are also many 
local and less important streams in various parts of 
the great ocean and in many of tlie inland seas. 

By means of jill these currents the great body of 
water in the ocean is kept in a state of circulation, 
for, unlike the tidal wave, wdiich can at most mix the 
waters of the surface with the deep water, these 
stream and drift currents convey large bodies of 
water from one part of the ocean to another. Thus 
the warm winters of the equator arc carried to distant 
shores, w^arrning the air and equalizing the climate 
of the continent they approach. On the other hand, 
the cold waters of the poLar seas come down into 
warm latitudes, cooling the air and rendering 
climates temperate. Everywhere the result is seen 
on the adjacent land ; and it is in this way that 
various lands having difiereiit climates differ also 
very greatly in their vegetation and their animal life. 

There is, however, no i*easoii to doubt that the 
direction and force of most of these currents has 
been greatly influenced, if it has not been originally 
caused, by the form of the land, and that in this, as 
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in other ways, water reacts on land and land on 
water. Owing to the great and beneficent law of 
nature, that there shall always be a supply of vege- 
table and animal life fitted to the existing conditions 
of climate, the earth is thus peopled, and the circu- 
lation of life kept up in connection with the circu- 
lation of water. And we shall presently see that 
the circulation of the atmosphere, and of water 
through the atmosphere, is intimately connected 
with the working of this important law. We need 
not in this place stop to inquire the ultimate cause 
of these movements of water and air. We must 
become familiar with the facts and their con- 
sequences before wo can understand all the obscure 
and varied forces that have acted to produce them. 
Probably the motion of the earth from west to east 
in its daily course, and the hanging back of the 
water, owing to friction, may determine the small 
stream known as the main equatorial current, which 
is in some sense the parent of all currents ; and then 
the form of the land and its position, the motions of 
the water produced by great differences of tempera- 
ture, the much greater evaporation over some parts 
of the water surface than elsewhere, and the quantity 
of fresh water brought in by rivers, may explain most 
of the phenomena. 

It is known by observation that the temperaturo 
of the water in warm seas is lower at some depth 
than near the surface. Near the Equator in the 
Indian Ocean, thermometers sent down to a depth 
of 1,800 fathoms (more than 10,000 feet) registered 
33^" Eah. In northern seas (in lat. 35^^), below the 
Gulf Stream, at a depth of 1,000 fathoms, the tem- 
peraturo was 37°. Elsewhere it is still lower; and 
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it would apjDcar generally tliat wlien the surface tem- 
perature of the sea is above 28° there are dcx>ths at 
whicli it is below that. It does not necessarily follow 
that the temperatures recorded are those of tho sea 
bottom. They may refer to zones of cold water 
passed through. 

On the other hand, in liigh laiitudcs and near the 
poles, the water is warmer in the deejier j^arts of the 
sea than at the surface. In a fluid like water the 
great and x^crjuaiieiit differences of temx)crature that 
have been observed are xjresumed to be due to the 
existence of warm surface- currents setting from the 
equator towards the j^oles, and returning in a cooled 
state at great dexffh from tho poles towards the 
equator. 

The temperature of tho surface of the sea varies 
little in the same x>lace at different hours of tho day, 
and not much at different seasons of the year, cxcej^t 
near the shore. 

Such .‘iro some of the sx)Ccial ])cculiarities of the 
ocean. In its magnitude, its dej^th, its ivg ular 
streams and cuiTcnts, its occasional dislurbances by 
the wind, its saltness, and its tides, it is i-ccognized 
as a part of the earth not only im|)ortant in itself, 
but influenciiig, in an extraordinary degi’ce, tho land 
as the habitation of man and the lower aniinals. It 
is absolutely imxiossiblc to understand the nature of 
climate without a knowledge of this influence. 
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CHAPTER V. 

SPRINGS, RIVERS, AND LAKES. 

The water on or witliiii tho earth’s surface that does 
not form part of the ocean is either collected in largo 
or small depressions, called lakes or pools, or it runs 
down from mountains and tahlc-lands, through valleys 
into low plains, to enter lakes or the sea, in which 
case it becomes a river ; or it circulates undergi’ound 
within tho surface, and only issues at hill- sides or 
in plains or valleys as springs. The ocean, lakes of 
various kinds, rivers of all magnitude, and springs, 
include, therefore, the whole quantity of water on 
and in the earth. The total amount of surface occu- 
pied by these latter sources of supply is not very 
easy to calculate, but it is certainly very small indeed, 
even compared with the area of land, and therefore 
still more inconsiderable in reference to the eai'th’s 
surface. Including everything, they can hardly reach 
three quarters of a million of square miles, covering 
not so much probably as four parts in a thousand of 
the earth’s surface, while nearly eight hundred parts 
of the thousand are covered by the ocean, and tho 
remainder (nearly two hundred) are land. Tho four 
parts wo have now to consider rest on the surface of 
these two hundred. 

The sheets of water on the land, and of course the 
rivers, are gcneriHly above tlie level of the sea, but 
there are some remarkable exceptions. Wo may 
divide the lakes into two groups — those above and 
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those below the level of the sea. Or wo may divide 
them into two other groups — those containing fresh 
water and those containing salt water. Of the former 
there ai’e several of considerable magnitude, but the 
whole number of salt lakes whose area is more than 
a few square miles each, does not amount to fifty. 
Most of the depressed lakes are of salt water, but 
as all lake water, and indeed all river and spring 
water, contains a certain proportion of solid matter, 
it is only by comparison that some arc called fresh. 
By salt lakes the geographer means those that are 
salt to the taste. Some of them are exceedingly 
loaded with saline matter, wliilc others are only 
brackish, and even occasionally drinkable. 

The origin of lakes may be cither the filling up 
of a natural depression by water denved altogether 
from rivers and springs, or it may be that the sea 
has not only once occupied the bed of the lake as it 
now exists, but covered the land between it and the 
ocean. In this lattei* case the evaporation of pure 
water from the sm^face will ultimately dry the lake, 
leaving a salt marsh or salt deposit, unless the water 
evaporated be replaced by spring or river water. 
But the quantity of spring or river water entering 
is likely to be either more or less than the evaporated 
quantity, for it is hardly possible that it should 
exactly balance the loss. Thus, in salt lakes there is 
a tendency either to become saltcr by a loss of their 
water, the solid contents remaining the same, or 
to become fresher, if the streams running into and 
tlrrough them are considerable. Salt lakes and fresh 
water lakes form but one phenomenon, and are both 
derived from and connected with springs, rivers, and 
the ocean. 
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The origin and history of rivers is different. They 
are partly composed of the waters that have fallen 
as rain on high ground, and run immediately, by the 
force of gravity, to a lower level, till they reach the 
sea. They take their rise in some cases from the ice 
that has been accumulating during winter, and which 
melts when warm weather comes, and in other cases 
they are derived from, or increased by, the water 
issuing from the earth as springs. 

To understand and appreciate the circulation of 
water on the earth, it is well to begin by considering 
the rain as the ultimate source of supply, the water 
being constantly drawn from that great reservoir the 
ocean, conveyed to a distance by clouds, and dropped 
upon the earth in rain. A part of the rain that falls 
enters the earth, and comes out again in springs, and 
another part runs over the surface. 

Of natural springs there are three kinds : (1) land 
springs, obtained from accumulations of water in 
shallow pools under the surface, and rarely issuing 
naturally ; (2) springs coming out from between 
certain kinds of rocks, having a temperature com- 
paratively cool in summer and warm in winter ; (o) 
mineral springs, coming from very great depths, 
and of the same temperature all the year round. 
Most of these are warm, and they are then called 
thermal springs. They are sometimes loaded with 
mineral matter of various kinds. The springs that 
arc the largest in quantity, and the most numerous 
in most parts of the world, are of the second kind. 
They rise in valleys, and even in the beds of rivers, 
bubbling up with great force. They also break out 
freely on liill- sides. Many of them give a supply 
wliich is so uniform in temperature and regular in 
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quantity, tliat they evidently come from a groat 
depth, and are independent of seasons. Very fre- 
(jncntly the part of the year when the supply of 
^vater from such s])rings is smallest is the early 
spring, when the rains arc heaviest, and it is a 
common saying in some x^arts of the country, that 
“as the days lengthen the springs strengthen.” 

Sjirings of water are much more common in some 
kinds of rock than in others. Water often comes 
out from every crevice in limestone rocks ; it also 
issues in abundance from hard sandstones under cer- 
tain circumstances. In clsjys it rarely appears in this 
Tuanner. Springs are common wlicrever hard tough 
rocks appear, and alternate w’itli loose sands. The 
water, not being able to ]3ass through the former, 
is carried along the latter as through a tube. Tho 
([uantity issuing from some springs amounts to two 
or three millions of gallons a day, but these are very 
rare ; and most of those that issue even in England, 
where the quantity of rainfall is considerable, yield 
loss than a million gallons. Artificial borings or 
wells sometimes liberate water existing under pres- 
sure, and produce pOAverful sj)rings, available for 
human purposes. Such Avatcr is generally pure. 

Mineral springs, though common enough in most 
]'arts of the Avorld, arc especially numerous and 
abundant near volcanic districts, and where granite 
and rocks of that class lire in contact Avith slates and 
f andstoncs regularly stratified. By their agency vast 
(juantitics of mineral matter, chiefly carbonate of 
lime (or limestone), are removed from the interior of 
iiic earth and brought to the surface. Tho AA^aters of 
i lie ocean contain about five ounces of solid matter 
to the gallon. Some mineral Avaters do not contain 
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more tlian tlic fwc'ntiotli onnce ; oiliors 

ooutaiij sixteen ounces. 

'JMio icinpcratnrc^ of Avater issninp^ from tlio car ill 
ninsl. 1)0 nearly tlio same as that of tlie rocks tlirongli 
Avliicli it passes. Tlicrc is alAs^ays a certain dcjitli 
below the surface where the changes of summer and 
Avinter arc no longer felt, and the temperature is that 
which corresponds to the average heat of the surface. 
This varies in every latitude, and thus the tempera- 
ture of Avater from deep si^rings becomes, within 
certain limits, an indication of the depth of the 
source. The deeper the source the Avariner the 
water, as the heat in the interior of the earth in- 
creases pretty regularly below a certain depth. This, 
however, does not prevent the surface Avaters in Aml- 
canic districts from coming up almost in a boiling 
state. Boiling springs arc rare, and occur only Avhere 
there arc volcanoes. Tlic hottest springs coming up 
from a great depth do not exceed 180 ° F., as they are 
cooled doAvn to some extent Avhilo making their Avay 
to the surface. Hot Avater couA^eys a large quantity 
of silica or flint, Avhich is left behind Avhen the AAmter 
cools. Cold Avaters generally convey carbonate of 
lime. 

The minerals contained in mineral springs A^ary 
exceedingly, and the proportion of each Agarics also 
very much. The salts of soda., lime, and magnesia 
arc the most abundant ; iron is exceedingly frequent, 
and carbon (partly in the state of carbonic acid gas) 
is both abundant and fi*equeiit. Some springs arc 
like natural soda-Avatcr. An idea may bo obtained of 
tlic large quantity of Avatcr rising to the surface, and 
of the quantity of solid matter remoAmd from the in- 
terior in this manner, by knowing that, in the waters 
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of Carlsbad, in Bohemia, about 15,000 tons of sul- 
phate of soda are brought every year to the surface ; 
and that in a small district in the centre of France, 
where the average of solid matter is very small (less 
than an ounce to the gallon), the quantity of carbonic 
acid gas rising in a year would weigh nearly 400 
tons, and the total solid matter 16,000 tons. 

Rivers (including, under this general name, all the 
smaller streams and brooks of every kind that feed 
them) are exceedingly important in Physical geo- 
graphy, and it is convenient to describe them in groups. 
A group, consisting of a great river with all its tribu- 
taries, is described as a river system. The district 
which supplies the water to feed such a system is 
usually well marked by nature, for water always flows 
downwards, and by following each branch of a stream 
to its source, we obtain a succession of points on 
either side of which the water flows a difibrent way. 
Such a line is called a water shed or water-parting, 
and the country included between the watershed and 
the line of coast near the mouths of a principal stream 
is called the drainage area of the river, or sometimes 
its river basin. Every river system has a watershed 
and a drainage area, and the object of the Physical 
Geographer is to determine the position of all these 
lines and areas, and thus divide a country or sea- 
coast into as many drainage areas as there are prin- 
cipal rivers. These are not so numerous as might bo 
supposed, and the great river systems of the earth 
are easily known and remembered. The annexed 
diagram, illustrating the river systems of two of 
the largest river systems in the Old World, illus- 
trates what has been here said. There are some 
rivers, such as the Nile, the Mississippi, the Amazon, 
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and the Plata, of which the principal stream runs for 
a distance of several thousand miles, and each of 
wiiose drainage areas includes more than a million 

Fig. 10.— River Systems. 



Basin of the Indus, i?. — Basin of the Ganges and Bramaputra. 

N.li. — The dotted lino marks the watershed, 

square miles. There are many others, of secondary 
importance compared with these, but in which the 
total length of the principal stream exceeds a thou- 
sand miles, and their drainage area half a million of 
square miles. These all drain large continents, and 
have tributaries, which, under other circumstances, 
might well rank as first-class streams. The list of 
familiar and important streams numbers nearly a 
hundered, and of these very few indeed drain a smaller 
area than 20,000 square miles. In estimating the 
length of a river, the “ direct course ” is the nearest 
distance in a straight line to the sea, and the total 
length of course the length of the principal stream 
including its windings, but not including any tribu- 
taries or branches. 

The river systems are grouped, not so much with 
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reference to the land tlicy drain, as the ocean into 
wliicli tliey drain. Tims avo have tlio Atlantic c;Tonp, 
ilio Pacific gTonp, tlic Indian Ocean gi’onp, and tlio 
Ai'ctic group. Small as tlic Atlantic Ocean is, com- 
pared witli the Pacific, it receh^es tlie drainage of a 
A^ery mucli larger gi'oup of sti’eams. Europe, almost 
Avitliout exception, drains into it, the rivers either run- 
ning directly into the ocean, or reaching it indirectly 
by the Mediterranean and Black Sea, and the Baltic. 
By far tlic most important of the African river 
systems — that of the Nile — belongs also to the Mcdi- 
f crrancan. All the vast streams of the two Americas 
arc turned into this great channel, oAving to the ])Osi- 
tion of the mountain chain on the western side of the 
coniinent, and the wide exjiansc of moderate slo^ie 
on the east. Only a part of Asia belongs to tho 
Pacific Ocean, a much larger part emptying into tho 
Indian Ocean, Avhile another large part pours north- 
ward into the Arctic Ocean. Of America, the only 
important streams entering the Pacific are the Co- 
lumbia and the Colorado, which together do not 
drain half a million of square miles. Tho rivers of 
Africa enter the Atlantic or Indian Ocean. Com- 
pared with the Pacific, both the Indian and tho 
Arctic Oceans receive numerous and large streams, 
and the drainage of large tracts of country. 

The result of this arrangement of the land, and 
its effect on the direction of the streams that convey 
the rain back to the ocean, is manifest in many ways; 
but the direct effect that might be looked for by the 
greater influx of fresh Avater, in proportion to the 
area of the ocean, and the reduction of the saltness 
of the Atlantic, compared Avith the Pacific, is counter- 
acted by the greater amount of evaporation that 
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takes place, and tlie fact tliat most of the water 
raised ])y evaporation is carried away towards tlie 
land, wliercas in tlie Pacific it retui’ns to the ocean. 
Tlie currents that enter the Atlantic, bringing salt 
water, arc also much more important than those of 
the Pacific. 

Very few rivers run from their principal source to 
the ocean, without being joined by tributaries, many 
of which, may be as important as the main stream; 
and if the length of course of the tributaries were 
added to that of the main stream, it would multiply 
many times the apparent magnitude of the stream. 
There arc also, besides the rivers that feed the great 
streams, a number of others emptying info the sea 
on the coast between two principal drainage areas, 
which do not enter into calculation. Tho total 
amount of drainage areas is thus mucli smaller than 
the total area of land. 

The European rivers of the Atlantic system include 
(1) those entering the open ocean; (2) those enter- 
ing the Baltic; and (3) those entering the Mediter- 
lunean from the north. The streams entering from 
the great islands, especially the British islands, must 
also be added. 

It may be convenient to the student to be reminded 
of the most important of the streams that traverse 
the European continent. They arc as follows : — 
(1) l^llbe and Rhine (draining 143,000 square miles) ; 
iSeinc, Loire, and Garonne (110,000 sq. m.) ; Douro, 
Tngus, Gnadiana, and Guadalquivir (115,000 sq.m.). 
These, with tho Thames (G,500 sq. m.), tho Severn 
(5,500 sq. m.), the Humber (10,000 sq. ni.), tho 
Shannon (7,000 sq. m.), and other British and Irish 
streams, and the Wescr (17,500 sq. m.), make up 
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the list of those communicating directly with the 
ocean. The N'eva, Vistula, Oder, Dwina, and Nie- 
mcn (total, 305,000 sq. m.) enter the Baltic. The 
Ebro, Rhone, and Po (110,000 sq. m.) enter the 
Mediterranean, and the Danube, Dnieper, Don, and 
Dniester (701,000 sq. m.), the Black Sea. Of these 
the Danube is much the largest, running for about 
1,000 miles in a direct line from its principal source, 
and draining 310,500 square miles. The Dnieper 
and the Don arc next in order of magnitude, and 
are larger than most of the European streams. Wo 
thus have three of the largest European rivers com- 
municating, not with the ocean, but with a lake at 
the extremity of a great inland sea. It is not extra- 
ordinaiy that the waters of this sea are loss salt than 
the Atlantic. The same result, due to a similar 
cause, has been observed with regard to the Baltic, 
for, although the rivers entering it are much smaller 
than those of the Mediterranean, they are more nume- 
rous, and arc all of nearly the same magnitude. 

Besides the rivers hero named, the great Nile, 
bringing the drainage from Central Africa, having a 
total course of at least 3,000 miles, also belongs to 
the Mediterranean system ; and as this inland sea 
communicates with the Atlantic only by a very 
narrow passage, it becomes almost an independent 
ocean. The same is the case, to some extent, with the 
Baltic Sea. It has better access to the Atlantic, but 
its waters are much less salt than those of the Atlantic, 
owing to the excess of fresh water running into it, over 
the evaporation that takes place from its surface. 

Several African rivers, one of them (the Niger) 
coming from a great distance in the interior, and 
others (Senegal, Orange river or Grariep, Gambia and 
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Coanza) draining tlio west coast, empty into the At- 
lantic, and help to supply the vast losses that take 
place in the equatorial regions by constant evapora- 
tion. But these rivers, though by no means unim- 
portant compared with European streams, are trifling, 
both in volume and drainage area, compared with 
the American rivers. In North America the Mis- 
sissippi-Missoui'i, a combination of two first-class 
rivers, drains nearly a million and a half of square 
miles, and, although its sources are only 1,600 miles 
in a direct line from the Gulf of Mexico, the length 
of course of its longer branch, the Missouri, includ- 
ing windings, exceeds 4,000 miles. Some of its tri- 
butaries, as the Ohio, are rivers of large size and 
great magnitude. This stream alone runs nearly 

1.000 miles. The Mississippi finally enters the Gulf 
of Mexico in the hottest part of the ocean. The Rio 
del Norte and the Magdalena enter the Atlantic from 
the south-western part of North America ; the former, 
after a run of 2,000 miles, including ^vindings ; the 
latter about half that amount. The two drain 

350.000 miles of country. Besides these, several 
streams of importance enter the Atlantic directly 
from North American land, of which the St. Lawrence 
is much the largest. It drains 400,000 square miles, 
and runs more than 2,000 miles. Its direct coui'so 
from the source to the sea is about 1,000 miles. 

But it is chiefly the vast expanse of South Ame- 
rica, consisting almost entirely of great plains, slop- 
ing from the Andes to the Atlantic, that supplies the 
great store of water feeding the Atlantic canal. The 
Amazon, taking its laso in the Andes, runs nearly 
1,800 miles in a direct line from its source to the 
sea, through a vast extent of country ; and, with 
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its tributaries, drains more than two millions of 
square miles. Many great streams, known under 
diilcrcnt names, and draining largo districts, com- 
bine their waters before the name of Amazon is 
given to the final stream, which, where it enters the 
sea, is more than fifty miles wdde. So large is the 
stream, that the tide runs up more than five hundred 
miles, reaching several of the principal branches 
before its effect dies away. The Amazon, by a 
natural canal in one of its u]>pcr branches, communi- 
cates with the Orinoco, another great stream draining 
between three and four hundred thousand sqmu’e 
miles. The sources of the Orinoco are so near 
those of the ria tft — the second in importance of the 
South American 1 ‘ivcrs — that the waters mix, and 
canoes can bo paddled from the basin of the one river 
to that of the other. From this it is evident that 
the watershed of a river system does not necessarily 
cross high land, but must occasionally be drawn 
thi'ough a plain, or even through a lake or pool. 

The Plata is a magnificent stream, Avhose sources 
are about 1,200 miles in a direct line from the out- 
fall of the river (nearly 2,o00 miles, including wind- 
ings). It comprises several large and important 
streams, draining a million and a quarter of square 
miles of the interior of South America. Between 
the basin of the Amazon and that of the river Plato 
(E/io de la Plata) is a district of nearly a million 
square miles, drained by several rivers, of which the 
Tocantins and S. Francisco are the principal. These 
each run more than a thousand miles from their 
sources to the sea, without including windings. 

The Atlantic thus receives the drainage of upwards 
of ten millions of square miles of country, pouring 
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in by nearly twenty rivers of first-class size, nearly 
double tliat imuiber of great rivers of the second 
class, and a vast number of smaller streams, each 
larger than any of the rivers of England, whose 
drainage areas arc all less than ten thousand 
square miles. Many of these streams bring down 
large bodies of fresh water to mix with the salt 
waters of the sea. Others hardly I’each the sea as 
rivers, though performing an important part in nature 
and entering lakes which have no ijresent corninu- 
nicatioii with the ocean, althougli in former times 
they may have existed under different conditions. 

The Pacific receives from the Asiatic side some 
of the Chinese rivers, and from North America the 
Columbia and Colorado, together di’aining about 
half a million of stpare miles. 

There are three principal Chinese streams, each 
draining more tluin three quarters of a million of 
square miles, and having a direct course, vary- 
ing from thirteen hundred to seventeen hundred 
miles. There is a fourth, much smaller, but still 
considerable. The actual course of these streams, 
including windings, is, in each case, about double the 
direct distance of the source from the sea. Besides 
these, there are no streams of importance entering 
this vast tract of salt water. 

The Indian Ocean receives the gTcat rivers of 
India and the drainage of the cast coast of Africa. 
The Ganges and Bramaputra, the Irawadi, and the 
Indus drain a million and a half of square miles, 
and the length of course of each, including windings, 
exceeds 2,000 miles. The Euphrates runs l,8O0 
miles, and drains 200,000 square miles of country. 
The Meuam is still larger, and there arc others 
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somewliat smaller. Tlic African Zambesi, thongb a 
first-class riyer in the great length of its course, 
delivers but a small quantity of water. 

The Arctic Ocean receives from the Old World the 
drainage of nearly four millions of square miles, con- 
prising almost the whole of Asia north of the great 
mountain chain, and also the drainage of a million 
and a quarter square miles of American land. There 
are ten great Asiatic rivers, three of them of the 
first class, running nearly 3,000 miles each. These 
are the Obi, the Ycnesei, and the Lena. Of the 
American rivers two only, the Saskatchevan and 
the Mackenzie, are important, one running about a 
thousand miles, the other more than twice that dis- 
tance. The Dwina and Petchora (European streams) 
and the other rivers are smaller. There is no land 
whose drainage areas are known within the Antarctic 
circle. 

The rivers of Australia arc few in number, and small 
compared to the area of the land drained by them. 
The Murray is the only important stream. It receives 
many large tributaries, and has a winding course of 
about 1,300 miles, near the east side of the Australian 
continent, draining about half a million of square 
miles, and emptying into the Indian Ocean. 

Besides the rivers that enter the ocean, there are 
some that enter lakes, from which there is no com- 
munication to the sea. The Volga, a noble stream, 
and one of the largest of Europe, enters the Caspian 
Sea, after running nearly 2,800 miles, and receiving 
important tributaries, llie Ural, another important 
stream, also enters the Caspian, and so docs the Kur 
or Cyrus river. These three streams drain an area 
of nearly three quarters of a million square miles. 
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Most of the great lakes have outlets, and communi- 
cate with the ocean ; and many of them are expan- 
sions of river beds. Besides the Caspian Sea, Lake 
Tchad is another example of a lake receiving drainage 
hut not having an outlet. The Sea of Aral, Lake 
Balkash, Lake Baikal, and Lake Lob, in the great 
plains of Central Asia, all receive rivers, some of 
them of considerable magnitude ; but no water issues 
from them. The whole of the interior of Asia be- 
tween the watershed of the Obi, the Ycnesei, and the 
Lena, and the Himalayan mountain chain, is received 
into lakes that do not communicate with the sea. 

The phenomena of rivers are numerous and varied, 
and require to be carefully studied ; and of all varie- 
ties running streams are perhaps the most inte- 
resting. Rivers collect and convey the water that 
falls from the clouds as rain. Without exception 
they are fed by many tributaries, have many branches, 
and help to render large tracts of the earth’s surface 
fruitful and habitable. Rivers in all their stages, 
whether as brooks, small streams, or mighty rushes 
of water pouring into the sea, discolouring its waters 
for miles, are among the most important agents of 
nature. They often destroy and always carry away 
part of the land through which they run. They also 
help to renew the face of nature by making fresh 
deposits and extending the land beyond its former 
limits by means of the mud brought down. Some 
run between high cliffs or bluffs, having cut out a 
channel through the rock. Some rush over hard 
rock, tumbling over precipices, or noisily forcing 
their way through diflB.culties. Some sink under- 
ground and perform an important part of their 
courses out of sight. Some enter lakes and are 

7 
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not seen to emerge ; others make use of lakes only 
as resting-places, entering as rapid turbid streams, 
and passing out quietly after depositing all tlieir 
impurities. 

A few examples of some of these results of river 
action may hero be useful. In Sicily, near Mount 
Etna, there is an example of a river having made 
its way through a solid lava current, cutting a 
passage fifty feet deep, and several hundred feet 
Avide, Avithin the last two centuries. It is seldom 
possible to measure the rate of progress, but that, 
when circumstances are favourable, it is very rapid, 
there is no doubt whatever. 


Fig. 11.—Delta of the Nile. 



The deposits of mud a,t the mouth of a river, con- 
veyed down by the stream during its progress from 
the mountains to the sea, are occasionally very large. 
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They arc called deltas, that bcin^ the name of the 
Greek letter A, -Nvln'ch represents the triangular 
shape of such deposits. One of the most remark- 
able is the delta of the Nile, which commeuces about 
a hundred miles up the stream from Alexandria, and 
has a breadth of 230 miles at the seta. The river 
has been depositing this mud for a very long time. 
Each year some is left behind at the point where the 
rate of the stream is checked before it reaches the 
sea. When one mouth is choked up, another to the 
right, or left is formed, and thus by degrees the width 
of tlio de])Osit is increased, and the stream, instead 
of entering the sea where it originally did, is obliged 
to pnss over a long distance, covered by the mud 
it has deposited.. The Ganges has a delta, whose 
dimensions are still larger than those of the Nile. 
Tfc commences 220 miles from the sea, and its breadth 
is nearly 200 miles. The Mississippi delta commences 
200 miles from the sen. The great rivers of Europe 
also have deltas. The whole of the flat land of 
Holland is a part of the delta of the Ehine. There 
is a tract of 320,000 acres of flat land, which is the 
delta of the Elione. The Danube also has a large 
delta. It has been calculated that the quantity of 
solid matter brought down by the Ehine, on an 
average of all the year, is at the rate of about 400 
tons per hour. The total .annual deposit made by 
the Ganges has been estimated as more than six 
thousand millions of tons. When we consider the 
number of the rivers, and the never-ceasing action 
of this cause, we sh.all Ic.arn to recognize its value. 

M.any rivers run for some distance over ground 
having only a gentle slope, and then suddenly leap 
over a precipice, or are forced through a narrow 

7 
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channel of loose hard rock, on a considerable slope. 
Thus are produced waterfalls and rapids. Waterfalls, 
in the case of great rivers, are rare, but there are 


Fig. 12. — Waterfall. 



a, h . — Hard rock, worn slowly, c . — Soft rock, excavated by water. 

some of surpassing grandeur. Niagara, in North 
America, the Zambesi, in Central Africa, and a group 
of falls near the great lakes at the source of the 
Nile, are the largest known. There are others of 
smaller proportions, but very striking, and moro 
accessible to Europeans. Among them the falls of 
the Rhine at Schaffhausen occupy the first place, but 
the fall is only sixty feet. There are much higher 
falls, but of small bodies of water — in Switzerland, 
Norway, and, indeed, in most mountainous countries ; 
and many of these are remarkable for the enormous 
distance through which the water descends, in one 
or more leaps. This, in some cases, approaches 1,000 
feet. The Falls of Niagara include a breadth of 
water of about 1,400 yards, the leap of the water 
being, in the principal division, as much as 1G2 
feet. 

In most cases the motion of a river is produced by 
a very moderate average fall, the slope of the river 
bed reducing gradually towards the plains, and being 
often scarcely appreciable for many miles near the 
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outfall to the sea. The velocity of a river is, there- 
fore, not altogether in proportion to the immediate 
fall. During the 700 miles of the Amazon’s course, 
nearest the sea, the slope is barely distinguishable, 
amounting only to twelve inches in all. This is 
nearly level, but in its previous course the water has 
acquired a velocity considerable enough to carry it 
to the sea with a rapid stream. 

An average slope of twelve inches in a mile admits 
of a large river running in a torrent along its bed 
through its upper valleys, falling in a leap, and rush- 
ing over rapids, its course terminating in a steady 
navigable stream. A smaller river, having an average 
fiill of forty feet per mile, may hardly show any 
difference in this respect, the greater part of the fall 
occurring in the upper valleys where the stream is a 
torrent. Two or two and a half miles per hour must 
bo regarded as a considerable current, and many 
largo and important rivers have not for a great dis- 
tance an average rate of one mile per hour. 

Many rivers are mere torrents shortly after rain, 
and at other times are almost dried up. This condi- 
tion is especially the case with rivers that run through 
table lands. But all rivers convey water irregularly, 
the quantity being sometimes much greater than at 
others. The mechanical effect of a stream can only 
be judged by that of the largest body of water that 
comes over its bed, and the speed at which the 
highest water travels. Thus rivers that generally 
appear unimportant, but are subject to heavy floods, 
are more really influential on the surface than much 
larger streams running almost all the year at the 
same rate. Some rivers are strictly seasonal in this 
respect, rising almost at the same date and nearly to 
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the same lieight every year. Others vary much in 
date and amount, but have a certain amount of regu- 
lai’ity. Others again arc altogether irregular. The 
Nile is a well-kno'wn example of regularity of flood. 
The river begins to rise at the head of the delta 
about the end of June, and continues to increase till 
the end of September, when the whole of the flat 
country is generally quite under water. After re- 
niainiug for a few days, it gradually retires. 

The great rivers of India are subject to occasional 
floods. Hivers that jiass through lakes, or through 
wide open spaces that allow the water to expand, 
are less subject to danger from tlicso sources than 
those whose channel is clearly defined. Excessive or 
periodic rains generally cause floods. 

Lakes arc not always expansions of river beds, but 
may be }jortions of a former ocean. This has been 
already explained at tlie commencement of the pi’esent 
clia])ter. They arc special phenomena, and must bo 
refc'-rred to accordingly. They occur to some extent 
in most countries, but it is only those of largo size 
and permanent importance that wo can here consider, 
and these are greatly limited. 

Almost all the salt lakes of any magnitude occur 
in a vast tract of land of considerable elevation in 
some jjlaces, but much below the sea-level at others, 
extending north and west of the great mountain 
chaiia, running through Asia, and occasionally 
among the ridges of this chain. Of the whole 
number the Caspian Sea is by very much the 
largest. It occupies a part of a depressed ])lain, 
the Sea f)f Aral occupyiiig- another ]iart, and the 
level of its water at present is eighty- three feet 
below the level of the Mediterranean. Its urea 
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(estimated at 130,000 square miles) is greater 
than the areas of all the other salt lakes on the earth 
put together. The Sea of Aral, filling part of the 
same depression, is at a much higher level, and is one- 
fifth part the area. The Dead Sea is depressed very 
much more, being 1,300 feet below the Mediterranean. 
There is a small salt lake in Abyssinia said to be 
570 feet below the sea level. 

While some of the salt lakes arc much below, 
others arc at a great elevation above the sea-level. 
In Persia and Turkey there arc several laige sheets 
of salt water, four or five thousand feet above the 
sea j the Great Salt Lake of the United States is 
also 4,000 feet ; and there is a salt lake in Bolivia 
more than 12,000 feet above tlio sea. The Flatten 
Sea, in Hungary (a salt lake) is nearly 1,000 feet 
above the sea. 

Of fresh- water lakes, those oC North America are 
by much the largest. They form a chain commenc- 
ing near the Ilocky Mountains, where are the Great 
Bear (1) and Groat Slave Lakes (2) (each about 
14,000 square miles), communicating by the Mac- 
kenzie river with the Arctic Ocean. Tberc aro five 
more large lakes between these and the great group, 
of which Lake Winnipeg (3) is the largest. These 
all connect with the northern waters. Lake Supe- 
rior (4) (400 miles long and 175 miles wide), Lake 
Huron (5) (almost as large), Lake Michigan (6), 
Lake Eric (7), and Lake Ontario (8), conic next. 
Their position is indicated in Fig. 13 b}^ figures 
referred to in the above list. The latter five all 
belong to one system of drainage, communicating 
with each other, and emerging below Lake Ontario, 
as the St. Lawrence river. They cover nearly 85,000 
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square miles, and the Great Niagara Falls arc those of 
the Niagara river, which connects Erie with Ontario. 
The upper lakes are about GOO feet above the sea, 
and the lower lake, Ontario, less than 240. 


Fio. 13.— North American Lakes. 



Next to the North American lakes are those of 
Africa, recently discovered, but now well known to 
occupy an important position in the general physical 
geography of that continent. These are several in 
number, situated on a high table-land, and probably 
connected. Tanganyika is very large, and is close to 
the equator. It is 300 miles long, and GO miles 
across at the southern end. Lake Nyassa is some 
distance to the south, and is 200 miles long. The 
Yictoria Nyanza is about 200 miles from north to 
south, and GOO from east to west. The Albert 
Nyanza is near it, and is 350 miles long and 100 
miles Kinross. Lake Tchad is a large pool on the 
western side of Africa, very shallow, and varying 
much in its magnitude and appearance, according to 
the time of the year at which it is visited and the 
season. 
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Asia contains Lake Baikal, a large and important 
sheet of fresh water in Siberia, and a vast number 
of much smaller lakes in China, Chinese Tartary, 
and Tibet. It also contains one very small pool 
(Sir-i-kol, in Turkestan), 15,600 feet above the sea. 

Europe is very rich in lakes, but none are cither 
very largo or situated very high. There are several 
groups. The Swiss and Italian lakes, though not the 
largest, are so well known and so wonderfully beau- 
tiful, that they deserve first consideration. The 
lakes of Geneva, Lucerne, and Constance, on the 
north, and the lakes of Como and Garda and the 
Lago Maggiorc on the south side of the Alps, are 
generally known. The liussian lakes, of which 
Ladoga is the chief, and the lakes of Sweden 
(Wencr, Wettern, &c.) form two other groups. 
The small but picturesque lakes of Ireland, Scot- 
land, and Wales are familiar and interesting from 
their proximity. They are most of them connected 
with running streams. Lough Xejigh, in Ireland, 
contains 150 square miles, and is the largest. It 
belongs to another class. The Lake of Geneva, in 
Switzerland, is 260 square miles. Loch Lomond is 
45 square miles ; Windermere about 11. 

Spain and France are almost without lakes, but 
Eastern Germany, Bohemia, Gallicia, and Moravia 
conkiin many thousand small pools. Italy, also, 
contains several, chiefly occupying the craters of 
old volcanoes. 

Northern Europe is covered with sheets of water, 
and in Sweden and Finland the j)roportion of water 
to land is large. Lake Ladoga, in Finland, has an 
area of 0,500 square miles. It is connected with 
Lake Onega, about half the area, and the two con- 
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nect the waters of the Neva. Lake Wencr, the 
largest of the Swedish lakes, is more than 2,000 
square miles. 

Most of the lakes occupy natural depressions in 
the land, caused, perhaps, in some cases by the 
mechanical action of w'ater or ice. Concernirig tlio 
origin of other lakes there is great difierence of 
opinion. Many large sheets of water are shallow, 
and comparatively few arc so situated that even 
their deepest parts are much below the level of the 
sea. But tliero arc very important and remarkable 
exceptions to tliis general rule, and there are some 
places on the earth where a natural convulsion or a 
small change in the level of intervening land might 
cause the sea to rush with resistless force over the 
obstacles that at present keep it back, and over- 
whelm vast tracts of land now cultivated and in- 
habited. Such an incursion would be a true deluge, 
and might destroy not cities only, but countries. 
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THE ATMOSPHERE. 

Tiil: atmosphere is the name given to the invisible 
film of air wliich entirely surrounds our earth, which 
jjartakes of its daily motion on its axis, and which 
accompanies it in its journey in space. Conij^ared 
witli the mass of tlie earth, it is very small. It has 
been compared, not unfairly, to the down on the skin 
of a peach, and certainly it is not greater in propor- 
tion. It is exceedingly elastic, so that near the earth 
its density, or the weight of the quantity contained in 
a given space, is very much greater than a few miles 
above the suilace. At the tops of mountains 12,000 
feet high it is only half as dense as in the plains 
and on the sea-shore. Its total lulglit is not easily 
estimated, as it no doubt thins away into the ether that 
occupies all sjjace. It is recognizable hi its effect on 
light at a distance of more than fifty miles from the 
surface; and probably up to or even beyond 100 
miles similar effects still take place. It apj)cars to 
affect the passage of meteors moving 200 miles from 
the earth’s surface. The changes that produce winds 
and storms, the jihcnomena of dew, clouds and rain, 
and other conditions that affect climate, all take 
place within a moderate distance of the earth. 

The ail* consists of a mixture of gases. In a 
given quantity of common air, about four parts in 
five are nitrogen, and one-fifth oxygen gas. By 
weight the proportions are rather different, as 
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oxygen is a little heavier than nitrogen. These 
gases are simply mixed together, and mixed with 
them there is always a little carbonic acid gas. Of 
this, however, the proportion is only about four 
parts in a thousand. The mixed gases forming the 
atmosphere are able to absorb a very large quantity 
of vapour of water, the quantity that can be held 
without appearance of vapour varying according to 
temperature. The vapour atmosphere, as this is 
sometimes called, may bo considered, and its effects 
traced, almost independently of the atmosphere of 
diy air ; but the two principal gases, the carbonic 
acid gas, the vapour, and numerous other substances, 
of which exceedingly small quantities have been dis- 
covered, all exist together at all times in very nearly 
the same proportion, and all act together in reference 
to changes that are constantly taking place. 

Of these changes, two are very marked and easily 
understood, and are also highly influential in all that 
concerns climate and weather, and the use of the 
atmosphere to living beings. They are changes of 
temperature and changes of pressure. The air has 
not long together the same warmth or cold, nor does 
it press equally over all parts of the earth, or on the 
same place at difierent times. This is greatly owing 
to its elasticity and its expansion when heated. Air 
is exceedingly clastic. When pressed upon, either 
by a solid or fluid, or by a large quantity of air 
above, it yields to the pressure and occupies for the 
time a smaller space. When heated it also occupies 
a larger space, and if cooled it shrinks into a smaller. 
Afterwards, when the cause is removed, it passes 
back readily and perfectly to its original state. So 
much of the peculiar influence of the atmosphere 
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depends on these conditions and properties, that the 
student of Physical Geography requires to have a 
clear notion of them. The changes are measured by 
instruments. Changes of heat by a thermometer, a 
column of quicksilver or coloured spirits of wine, 
connected with a reservoir; the fluid in the reser- 
voir expanding with heat and sinking with cold, 
and the column rising or sinking, in accordance 
with these changes. Alterations of pressure are 
measured by a barometer, cither a column of mer- 
cury in a long glass tube, with no air at the top, 
balancing exactly the weight of the whole of a 
column of air the full height of the atmosphere, and 
of the same area; or a copper box with a thin lid, 
the air being removed from the inside of the box. 
In either case the pressure of the whole column of 
air is measured. In ordinary cases, at the sca-lcvel, 
it is equal to about fifteen pounds to the square inch ; 
and as a column of mercury an inch square and 
thirty inches long would weigh about fifteen pounds, 
this is the usual height of the column. It varies 
within an inch or more on each side for changes 
at the sea-level, and diminishes steadily on rising, 
being reduced to one-half, as has been said already, 
at the height of 12,000 feet. 

Measuring accurately the pressure and temperature 
of the air, the barometer and thermometer are in- 
struments quite indispensable, and never to be 
neglected. Other instruments, almost equally impor- 
tant, show the condition of the air with regard to 
moisture, and measure the quantity of rain that falls. 
Observations on these points are the fundamental 
resources of this department of Physical geography. 

The barometer, measuring the pressure of the air. 
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which we know to dimmish with some regularity ns 
we rise above the surface of the earth, heights may 
thus be measured. The pressure diminishes at the 
rate of about an inch of mercury for 800 feet of rise. 
But as in ascending into the air we diminish the 
pressure the boiling point of water becomes lowered,* 
and thus the thermometer becomes also available 
directly to determine the degree of pressure, and 
therefore the height. The lowering is at the rate 
of 1° Fah. for about 000 feet of rise. 

The atmosphere produces certain important effects 
on the light and heat rays that ariuve at the earth’s 
surface from the sun. Of rays of light it always 
absorbs some proportion, but much less when the rays 
fall directly than when they are oblique. Of 10,000 
light rays, 8,000 reach the earih if the sun is vertical, 
7,000 if the angle be 50^, fl,t)00 if the angle be B°, and 
scarcely any if the raj^s pass through a horizontal 
stratum of air. The eye recognizes this by the ap- 
pearance of the sun at different hours of the day. 

’Besides absorbing certain rays, the air reflects 
others, dispersing them everywhere, and preventing 
that deep blackness of shadow that would otherwise 
be felt. The dispersion of light through and by the 
atmosphere tends to equalize the light everywhere. 
Twilight is an illustration of it. Much of the light 
that enters the air is bent dovmwards, or refracted 
by the different strain, of air into which it enters, 

* The Lolling of a liquid is the sudden formation of steam, 
which rises in LuLLlcs to the surface. The formation of such 
steam -buhbles is checked by pressure on the water, and rendered 
easier by the removal of i^ressure. Thus from the temperature of 
the boiling point of water we may calculate the elevation of a 
station above the sea-level. 



MOVEMENTS OP THE BAROMETER. 


95 


and is broken up. It is thus coloured. The blue 
colour of tlic atmospbcre near tbe sea is due, how- 
ever, to the quantity of aqueous vapour present. 
At the tops of high mountains, when the sky is clear 
and the sun absent, the colour is black. 

Heat passes freely through dry air, but is inter- 
rupted and absorbed by vapour. Thus radiation ol 
heat from the earth is rapid when the air is clear, 
but is immediately checked when a cloud or vapour 
intervenes. 

The barometer measures the weight or pressure of 
the whole air. If the atmosphere be moderately dry, 
and the air still, the pressure at the level of the sea 
is, as we have said, equivalent to about 30 inches of 
mercury. But if a part of tbe dry air is replaced by 
vapour, the pressure is diminished, because steam is 
lighter than dry air. Whenever, therefore, air is 
replaced by vapour in the atmosphere, the barometer, 
or rather the column of mercury in it, sinks ; and in 
those places near the sea, especially in the torrid 
zone, near the equator, where the air is always loaded 
with vapour, there is a permanently low barometer. 
An addition of moisture, or rather the replacement 
of dry air by moisture, always diminishes the pres- 
sure of the air and lowers the barometer. It is im- 
portant to rcmcmlier this, as the familiar expressions 
of our language with regard to the state of the air 
would suggest the contrary. We all habitually speak 
of the air as feeling heavy, when the barometer is 
low and the pressure is diminished. We are told 
that the air is light and elastic when the pressure is 
at the greatest. These expressions accord with our 
feelings, but they do not agree with the results of 
observation. 
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Heat expands air, and canses it to rise from the 
earth towards the upper part of the atmosphere, pro- 
ducing a kind of wave, and resulting in a general 
advance of cooler air towards the place heated. On 
a large scale this is exemplihed in the trade winds. 
The land within the Tropics is heated day after day 
by a snn nearly or quite vertical, and this heated air 
rises and flows over towards the temperate and frigid 
zones, while the cold air from those parts of the 
earth is drawn in to replace the heated air travelling 
aw*ay. The lower current of air thus produced, 
which would be a north or south current if the earth 
were still, is converted into an east wind, or nearly 
so, towards the equator, because of the motion of the 
earth on its axis from west to cast. At the poles 
this motion is nothing ; on the borders of the tempe- 
rate zone it is only a few hundred miles per at ^ 
the equator it is a thousand miles per day^ The , 
result of this is that by the time the wind, coming 
southwards from the North Pole, or northwards from 
the South Pole, reaches the equator, the point it would 
have reached has travelled eastwards a vast distance^ 
and the wind arrives at some other point, appearing 
to have come from a point of the compass a little to 
the north of east. North-cast winds blow throughout 
the year with much steadiness in the Atlantic, and 
periodically there are similar winds in the Indian 
Ocean and Pacific. They are called trade winds in 
the former, and monsoons in the latter sea. They 
blow on both sides of the equator, but are separated 
by a belt or zone of calms, about three or four hun- 
dred miles wide, very near the equator In the 
Atlantic this zone is to the north of the equator, 
owing to the preponderance of land in the Northern 
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licmi sphere. Its position is not fixed, and in the 
Indian Ocean it is hardly traceable. 

Land and sea breezes are also regular winds. They 
arc caused in hot countries on and near the sea- 
coast, by the action of the sun’s heat, which is much 
greater on land than on water. Some time after 
sunrise, when the soil begins to be heated, the air, 
being also heated, rises into the upper part of the 
atmosphere, and is replaced by air from over the sea, 
which remains comparatively cool. This is the sea 
breeze. The heating of the soil continuing, the breeze 
continues during the day, but in the evening, after 
sunset, the earth begins to radiate heat, and soon 
becomes cooler than the water. The reverse now 
takes place. After a lull and calm for a short time, 
the cool air blows from the land towards the sea, and 
becomes a land breeze. In each case there are upper 
surrents in contrary directions. 

The upper currents of the air arc chiefly discovered 
by observations made in balloons, or on the top of 
liigh isolated mountains. They are indicated also by 
die motions of clouds, and by the long distance to 
vhich volcanic dust is carried during eruptions in a 
lirection different from that of the lower currents. 
The upper as well as the lower currents are liable to 
)e diverted in their course by the high lands and 
nountain chains, and are affected by the continents 
bnd the principal islands. As a general rule, how- 
ver, the prevalent winds in all latitudes between 30° 
)r 35° N. and 30° or 35° S. are from easterly points, 
;nd in the rest of the world from westerly. There 
,re exceptions in the case of the monsoons, as 
luring the winter months these are easterly winds 
a latitudes north and south of 35°, and westerly 
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winds wiilihi tlicso latitudes. This reversal is due 
to the land enclosing the northern part of the Indian 
Ocean. 

Besides the regular winds, or, as they arc more 
properly called, constant and periodical winds, allect- 
ing certain parts of* the earth, chiefly near the equator, 
there is in each heinisjdicre a large tract within the 
tcnipcralo zone where the winds arc variable. In 
these middle latitudes in the Northern hemisphere, 
where alone there is any great expanse of land, there 
is, however, more rcgulaiafy than is sometimes sup- 
posed. In the North Atlantic, west vrinds prevail to 
such an extent, that sailing ships used to make an 
average passage from America to Europe in three 
weeks, while the jiassage from Europe to America 
averaged more than a month. The prevalent winds 
over the great continent in the same latitudes are 
north-east. Besides these there ai'e a number of 
winds prevalent over small districts, which may be 
called local Avirids. 

Winds blowing with unusual strength and i*apidity 
become storms. Tlierc arc various kinds of storms, 
some blowing steadily for a considerable time, with 
varying force, but little change of dii-ection. These 
arc called gales, if the violence is not extreme, and 
arc sometimes accompanied by thunder and lightning. 
Other storms are limited to certain parts of* the ocean 
or to certain districts. Of the former, spiral storms 
or hurricanes arc the most remarkable. They are 
knowm under various names in diffei'ent countries, 
and are now generally called cyclones, owing to the 
circular motion of the air when thus disturbed. 
They are most frequent in the West Indies, where 
they are called hurricanes, and in the Indian Ocean 
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anti in ilic China seas, where the name typhoon is 
given to tlicm. Storms of the same kind, hut fiar 
inferior in violence, extend to other and distant 
points ; but the limit of extreme violence is very 
strongly marked. The most characteristic of these 
storms commence near the equator in botli hemi- 
spheres. In the Atlantic they are confined to the 
Northern hemisphere, in the Indian to the Southern. 
In the Pacific they occur in the China seas only. 
They are always accompanied by great disturljance 
in the electric and magnetic state of the earth. 

Cyclonic storms exhibit many peculiarities. In the 
West Indies they commence not far from the north- 
eastern extremity of South America. The storm 
travels westwards through the West Indian islands, 
and then turns to the north-east, near the coast of 
North America, dying away generally in the latitude 
of New York. The direction of the wind in the 
storm is continually changing. In the Northern 
hemisphere it moves always from north l>y west to 
south, and then by the cast to the north again. The 
actual storm, therefore, moves in a spiral or cork- 
screw shape. The width of the storm is not often 
so much as 500 miles, and the total distance tra- 
velled seldom more than 5,000 miles. It is often 
much less. In the Southern hemisphere the storm 
travels westwards, as in the northern seas, but the 
direction of the wind in the storm there varies from 
north by cast to south, and thence by the west to 
north. In the centre of such storms the mischief 
done is generally very great, and the disturbance is 
extreme. The usual, though not the only, period of 
these storms is from July to October in the Northern, 
and from January to April in the Southern hemi- 

8 * 
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splicres. In the Indian Ocean the change of the mon- 
soons is the period of storm. 

The cyclonic storms of the Tropics are repeated, 
though on a much smaller scale, in various parts of 
Europe, and on our own shores. They are easily 
detected by their spiral nature, by the constant 
shifting of the wind during the storm — always in the 
direction stated above — and by the great magnetic 
disturbances preceding and accompanying them. 
They have, however, no well-defined path repeated 
from time to time with little change ; they are very 
much narrower in the breadth of country affected, 
and they have no well-defined centre. In the case 
of the great hurricanes, there appears to bo a partial 
vacuum in the axis of the storm ; and here most of 
the serious mischief to houses, ships, and other ob- 
stacles seems to take place. 

The simoom is a burning wind blowing with con- 
siderable violence, and accompanied by a peculiarly 
oppressive sensation. The scirocco is a hot wind 
from Africa, on the coast of the Mediterranean. The 
fuhi is also a hot wind, blowing over Switzerland 
from time to time. All these are results of the in- 
tense heating of the air in the interior of Africa, and 
they arc of the nature of storm winds, but they are 
very different from cyclones and other spiral storms. 

Wc must now return to the vapour atmosphere, 
and the mode in which it acts. In the ordinary state 
of the air on a fine day with little cloud, there is a 
certain quantity of vapour present in the air, not 
interfering with its clearness or transparency, and 
not recognized by the senses. After sunset, the air 
continuing clear, the earth cools by radiation, and 
loaves and other objects near the earth radiating 
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heat also, become much reduced in temperature. At 
a certain point of cooling, the vapour near them is 
converted into water and deposited as dew. If the 
temperature is reduced in this way below the freezing 
point of water, which may easily happen with a very 
clear air, even in hot climates, there will be a deposit 
of hoar-frost. All this time the temperature a few 
feet above the earth is very little lowered. Six feet 
above the grass the chilling is only one-twentieth of 
that on the grass itself. If the shy is obscured by 
cloud or mist, the radiation is checked, and no dew 
is deposited. Autumn is the season of heaviest dew. 

Aqueous vapour is frequently rendered visible as 
mist, fog, or cloud. These are varieties of the same 
condition. Mist is formed when currents of air of 
different temperature, both containing invisible va- 
pour, meet near the earth. In valleys such mixtures 
are very frequent, and in mountainous countries very 
striking. Fogs are formed in the same way in tem- 
perate climates at various seasons, and hang over 
shores and the mouths of certain streams. 

Clouds are produced when mixtures of currents 
take place at some distance above the ground, and 
the visible vapour is entirely detached from the earth. 
There are several varieties of clouds, some floating 
at a height of many miles, some hovering in largo 
masses in mid-air, some drooping downwards and 
almost touching the earth. They are rarely alike 
long together. They assume, as we know, the most 
fantastic shapes, and are occasionally decorated with 
brilliant tints of colour. It is only the clouds that 
form in largo masses and approach the earth that 
dissolve into heavy and long-continued rain, but all 
clouds are capable of yielding rain, and drops some- 
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times, though rarely, fall through air perfectly clear 
;md cloudless. 

Iliiin is the final result of the changes that take 
place in the vapour atmosphere, when, by alterations 
of its electrical state, accompanied or caused by 
opposing currents of air at different temperatures, 
it has been rendered visible. That water should be 
lifted into, and form part of, the atmosphere, should 
be drifted through the air for hundreds or thousands 
of miles, should bo converted into visible cloud, and 
then should fall to the earth as rain, is one of the 
most marvellous, as it is one of the most essential, 
of the natural conditions that render our globe habit- 
able. This circulation of water is an event of every 
day. Wherever there is a large expanse of water, 
there is evaporation from it. Wlienever the air becomes 
loaded with moisture, and is drifted along in currents, 
it must in time meet other currents in a different 
state, and -whenever there are opposing currents, it 
is likely that there will be changes in electrical con- 
dition, wliich will end in setting free water from 
tlie clouds. Over the ocean everywhere, and over a 
great part of the land, the lower currents of the air 
travelling towards the equator cool, and, therefore, 
holding only a little water, are constantly being heated 
and saturated. This same air, when saturated, rises 
and passes back again towards the poles, passing into 
colder countries, mixing with cooler currents, and 
forming mist and cloud, or falling to the earth as 
rain. 

Bain is distributed over the earth with a certain 
amount of regularity, and is especially abundant 
within the Tropics. Where the sun is vertical the 
earth is intensely heated, and the air is generally 
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calm. The air is then like a vaponr-bath. As it 
ascends and is chilled, clouds are formed, nnd as 
soon as they arc formed, torrents of rain descend. 
Tlicrc is in tropical countries a rainy season, Avlien 
all the rain of the year falls. I’lie quantity is enor- 
mous, varying greatly in different places. In one 
place in India it amounts on an average to about 
GOO inches, or r)0 feet in a year. The rain ihat f ills 
in many ]:)laccs in the temperate climates of Western 
Europe is not more than a thirtieth j)nrt. All thifi 
vast quantity of water falls in the sj^ace of three 
months, the rest of the year being dry. As much as 
30 inches of rain arc recorded to have fallen in one 
day in some parts of India. This is more than falls 
in a whole year in most jmrts of England. 

Where there is no rainy season, the qnantity of 
rain is smaller, and it is spread over a much huger 
number of days. This is the case in the region of 
variable winds ahnady alluded to, and generally in 
temperate latitudes. Tlie average rainfall is, how- 
ever, little guide to the real peculiarities of any 
station, even where the climate is most equable, and 
the (juanliiy, as well as distribution of riiin, arc very 
greatly dej^endent on local causes. Among these 
the form of the land and its distance fj*om the sea, 
the position of the nearest high ground, flic nature 
of the nearest marine currents, and other facts in 
Pliysical Geography are exceedingly important. The 
total amount of rain falling on an average c\’ery year 
in temperate climates near the sea amounts, in few 
places, to so much as 50 inches; but on liill and 
mountain sides it is often very much greater, espe- 
cially when the hills rise rapidly on the extremity 
of a contiuciit, and most especially when the coast 
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looks towards tlio west, tlie prevalent winds being 
then from the ocean. There is in these cases more 
rain on the coast than inland. Tims, on the east 
of England, the a\"orage is in many places not more 
than 20 inches, while, on the west coast, it is often 
n]3 wards of 30, and on the west and south of Ireland, 
nearly 40 inches. In the middle of England about 
25 inches is the average. On the hills in Cum- 
berland .and Wales, however, especially the former, 
the rainfall is not only much heavier generally, 
but i]i particular spots it is enormous. At Sea- 
thwaite it is 120 inches. While so much rain is 
falling on these hills near the coast, the country to 
the east is ^particularly dry, the rainfall often not 
exceeding 21 inches. As a striking example, we 
may point out that at Liverpool, the sea-level, the 
rainfall is 241- inches ; on the Lancashire moors 
adjacent, 45 ; and at Durham only 17 inches. 

It is evident from these facts, not only that the 
r.ainfall depends on m.any causes, but that it is easy 
enough to discern what many of them are. Islands 
have a hea\ucr rainfall than continents ; hills receive 
more rain th.an tlic coast ; the slopes of hills .and 
mountains looking tow.ards the proA^alent winds, 
when those Avinds blow over Avatcr, receive more 
rain than the oiiposite slopes. These are all evident 
facts. In the interior of continents the conditions 
are not so easily recognized, but tliey exist. Where 
there are great mountain chains, the Aviiids coming 
from the sea, loaded with moisture, arc chilled, and 
obliged to dischai*ge their moisture before they reach 
the top of the mountain range. Thus the Andes 
completely cut off the rain suj^ply from the Atlantic, 
and force the whole back to the Atlantic basin. 
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This is caused by the prevalent winds which blow 
from the cast over the Atlantic and Gulf of Mexico, 
or cross the comparatively low flat plains of South 
America, but which arc chilled and deprived of 
their moisture by the lofty mountain wall running 
down from pole to pole. On the other side of the 
Andes is a district in which for the most part no 
rain falls, and this is because the winds hardly ever 
blow from the Pacific towards the coast of America. 
Near the central part of the great mass of land in 
the Eastern hemisphere there is a vast tract in 
which also scarcely any rain falls. To the south of 
this rainless district of the Old World, round the 
whole of the intertropical part of the Indian Ocean, 
is a district of extreme rain, which includes the 
north of Australia and the large islands of the 
Indian Archipelago, as well as the east coast of 
Africa within the Tropics. In many places in this 
district the average approaches 100 inches per 
annum, falling witliin a few months. In the corre- 
sponding latitudes in South America the fall is even 
heavier, much exceeding 100 inches. The coasts of 
Brazil and Dutch Guiana are the wettest. In Africa 
there is also an extreme rainfall on the shores of the 
Gulf of Guinea. 

The Southern hemisphere is sometimes regarded 
as the water reservoir, and the Northern hemisphere 
the condenser of the earth. It has been estimated 
that nearly fifty thousand billions of gallons of water 
(50,000,000,000,000,000) annually reach the earth 
from the clouds, and that of this quantity less than 
one-half runs back over the surface, conveyed by 
streams and rivers to the sea. Of the rest a large 
proportion is at once re-absorbed into the air, while 
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tho remainder enters the earth and is lost sight of 
for a time to reappear in sjirings. Evaporation is 
constantly taking place from all parts of the surface, 
but especially from the warm oceans, to supply this 
vast quantity of mo^ung fluid. 

Snow is a form assumed by solid water in the 
higher parts of the atmosphere by the condensation 
of vapour in a tolerably calm atmosphere. It is 
beautifully crystallized in six-sided stars, which offer 
so much resistance to the air ihat they ai‘c a long 
time falling, even in calm weather. During wind 
they often collect into small pellets, which are hard, 
and are drifted far by the wind. Snow is formed at 
great elevations, even in the warmest part of the 
earth, and there is a limit of height in all great 
mountain chains above which Avater only exists in 
the solid state. This is called the snow- line. It varies 
greatly on the two flanks of a inonntain chain, and 
even on the same side in diflerent years. In the 
Andes Avithin the Tropics it docs not much excjccd 

18.000 feet. In the Hijiialaya (north of tlie Tro- 
j:)ics) the snoA\"-line is at 20,00O feet on the north 
side, and but 18,000 feet on the south. In the Alps 
it is between 8,000 and 0,000 feet ; m hforway less 
than '1,000 feet ; and on the shores of the Arctic Sea 

2.000 feet. In all these countries the water that 
falls aboA^c the snoAv-lme falls in the solid state, and 
remains heaped. Ilain ncA^er falls. Evaporation 
takes place from the snow, but except Avhcrc 
it sinks down into sheltered A^alh^ys in large 
quantities, which accumulate more rapidly than the 
snoAv melts, there is little apj)arent change from 
year to year. 

The accumulation of snow in a valley at a depth 
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below that of the snow-lino becomes, under ordinary 
circumstances, a glacier. The lower snow is squeezed 
and hardened into grains by the weight above it, 
and is converted into a kind of ice. Each fresh fall 
of snow is changed in time in the same way, and 
forms a fresh layer of ice ; and in time the tongue 
of ice thus formed passes down to a great distance, 
is cracked, broken, and re-cemented as it travels 
onwards, and receives on and amongst its mass vast 
quantities of sand, earth, gravel, and fragments of 
rock, that have been removed by the action of 
weather from the country above. Provided there be 
a ravine or convenient gulley down which the snow 
can move gradually, and which enjoys tolerable 
shade from the sun and wind, the glacier will con- 
tinue to extend for many miles, and till the melting 
at the foot each summer balances the advance made 
during tlic year. Some glaciers are of very largo 
dimensions. In Switzerland there is one more than 
sixteen miles long ; in the Himalaya Mountains there 
is one sixty-four miles long. Mfiny great rivers take 
their rise at the foot of glaciers. In Europe, the 
Rhine and Rhone ; in Asia, the Indus and Ganges 
are thus circumstanced. 

Hail is another result of change in the aqueous 
vapour present in the atmosphere. Unlike snow, it 
generally forms and falls to the gromid in hot 
weather, and sometimes in very warm climates. It 
rarely falls except during storms, and when there 
is great electric disturbance. Hailstones generally 
have a nucleus of snow, and are coated with ice 
frozen upon this nucleus as it descends through the 
air. Hailstones thus formed frequently come in 
contact in the air, and are frozen together, forming 
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occasionally blocks of ice largo cnougli to do serious 
miscliicf in falling. 

The weather is a term used to express tlie con- 
dition of the atmosphere at any special time in a 
certain place. It refers to the temperature, the 
moisture or dryness of the air, the pressure of the 
air, the clearness of the air, the state of the sky, 
whether clear or cloudy, the movement of the air, 
and many other conditions constantly altering. Fine 
weather means a clear sky, dry air, moderate tem- 
perature, and a high barometer. Bad weather the 
contrary. When fine weather prevails during a large 
part of a season, it is said to be a fine season ; while 
a place where the weather is more generally fine 
than bad is said to enjoy a line climate. Climate 
and weather, though complicated enough, and de- 
pendent on many conditions, are matters about 
which so much is thought, said, and written, that 
we all have certain ideas in reference to their mean- 
ing. Climate, however, depends so much on the 
state of the air that we cannot conclude our account 
of the atmosphere without reference to it, while 
weather is but the climate as it exhibits itself at 
some special moment. 

Climate depends on (1) latitude, which determines 
the mode in which the sun’s rays fall, and the length 
of day and night at different seasons ; (2) position 
with reference to the sea and marine currents and 
elevation above the sea ; (3) circumstances of adjacent 
land. These act in modifying the quantity of heat 
and light, in determining the clearness of the air, 
the amount and distribution of rain, the liability to 
winds and storms, the humidity of the air, and its 
electrical state. 



IHSTUIBUTION OF IfKAT. 


VfJ 


Tlic quantity of heat received on any spot is 
expressed hy the average height ot the thermometer 
during the whole yctar. This varies for evx*ry 
station ; hut it is not impossible to connect hy lines 
drawn on a map the places that arc alike in this 
respect. Such lines arc called isothermals. The 
mean temperature of the earth is estimated at 
Fah. ; hut the Northern hemisphere is calcu- 
lated to he, on an average,' SJ- degrees warmer than 
the Southern. This is caused hy the excess of land 
in this hemisphere, and its extent near the equator. 

Besides the mean temperature of the year, the 
mean summer and winter temperature arc often 
needed. These arc obtained and expressed in the 
same way, hut the lines are very different. They are 
called isotlicral and isochimenal lines respectively. 

The range of temperature also varies very much. 
The mean daily range is the average difference 
between the highest and lowest points of the ther- 
mometer during the twenty-four hours. The mean 
monthly and annual range are calculated in the 
same manner. At Greenwich, the mean daily range 
is 1G° Fah. It will ho evident that places wdiere 
the range is small must enjoy a more equable 
climate than those where it is great. 

The length of day during summer is an important 
element of climate. In extreme north and south 
latitudes the sun remains above the horizon so long 
during summer, that the earth becomes greatly 
heated, and the heat is extreme. During winter the 
long absence of the sun produces extreme cold. In 
moderately high latitudes the summer heat and 
winter cold arc greatest in the interior of continents, 
where the atmosphere is generally clear. 
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The position of a station with reforcnco to the 
sea includes several matters. Height above the sea 
is one, and on it much depends. The temperature 
of the air diminishes as wo rise above the level of 
the ocean, not indeed at any regular rate, but still 
with great certainty. In many places, where the 
ascent from the sea is rapid, the difference is at 
the rate of 1° Fah. for every 200 or 300 feet. Thus 
at considerable altitudes a very marked .difference 
of climate is observed between places on the coast, 
and those on a mountain side, or on an elevated plain, 
in the same latitude. 

The nearness of the sea affects climate to a con- 
siderable extent. The sea is much slower in under- 
going change of temperature than the land, and the 
temperature of a gi’eat body of water is very equable. 
Islands and the countries near the sea thus enjoy a 
more moderate and equable climate than the inte- 
rior of continents. This is still more observable 
when marine currents bring warm wmter along a 
shore, as is the case wdth the Gulf Stream on the 
EuroiDcaii coast. This alone makes a difference in 
climate equivalent to many degrees of temperature. 
Thus, the mean annual temperature of the north of 
Ireland, in Latitude ^5^ H. is about the same as that 
pf Hew York, in Latitude 42"''. But owing to the 
Gulf Stream, the climate of Ireland is far more 
equable than that of the American shore, as well as 
having the same annual temperature, although 13 
degrees nearer the equntor. 

Mountains near a coast separating a station from 
the sea, or mountains in the vicinity of an inland 
station, produce an enormous influence on climate* 
The plains near the Alps in the middle of Europe 
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liavc a totally difTcrcnt climate from the low lands 
beyond to the north and south. In proportion as 
any place is near or far from the sea or a large sheet 
of water, so will the climate be more or less equable. 
The vicinity of mountains or high plateaux deranges 
a climate and renders it extreme. The vicinity of 
large tracts of water equalizes climate. 

Very much of climate depends on prevalent winds. 
The prevalent winds of Europe, proceeding from the 
Avest and soiith-Avcst, and passing over a largo 
extent of soil warmed by marine currents, the cli- 
mates of western Europe and England are A^ery much 
AAmrmer than those of corresponding latitudes on the 
opjiosite shores of America. This has been alluded 
to already, but is too imjiortant not to be repeated 
in this place. The Avest Aviucls of America are land 
Avinds, Avliile those of Eurojie come from the sea. 
The latter are warm and moist ; the former hot in 
summer and cold in Avinter, but generally dry. The 
same peculiarities are noticeable clscAvliere. 

It Avill be seen that climate depends much more on 
other causes than on latitude, and that these other 
causes are by no means incajiable of change. In the 
course of time such changes take place on the globe ; 
and thus climates may alter, and Avith them the ani- 
mals and A^egetables tliat dwell on the earth, and that 
must adapt themselves to the existing state of the 
surface. It is quite possible for the Gulf Stream, by 
certain changes of level of part of Xorth America, 
to change its course, and run through the Aailley of 
the Mississippi into the Ai’ctic Ocean. It is possible 
for land to rise in the Atlantic and sink in Europe, 
so that the island avc inhabit might have an easterly 
instead of a Avesterly ocean. The result of such 
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changes would be a climate totally different and 
much less temperate. The existing races of vege- 
tables and animals must be replaced by others, and 
men would cease to inhabit in largo numbers such 
inhospitable shores. These possible results must be 
borne in mind in considering the influence of position 
on climate. 
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CHAPTER YII. 

EAltTIIQUAKES AND VOLCANOES. 

The surface of the earth is not always in repose. 
Besides the changes that are known to take place 
constantly by the action of water and by the weather, 
removing and paring away the land in some places 
and depositing it in others, some large districts are 
subject occasionally to sudden convulsions, accom- 
panied by cracks in the surface, destroying houses, 
and even towns. Such disturbances arc called earth- 
quakes. They are produced by explosions deep in 
the interior of the earth, taking place probably in 
large cavities. These explosions, which may bo the 
result of water entering the cavities where the tem- 
perature is very high and the rocks exist in a molten 
state, produce undulations or waves of the earth’s 
crust. When the explosive force is not sufficient to 
break asunder the solid rock above, tlie earthquake 
will be repeated from time to time, till a vent is 
formed. When a crack is made there occurs an erup- 
tion of steam, ashes, stones, and gases, Avhich forms 
in time the conical mound, increasing sometimes to 
a mountain many thousand feet high, called a vol- 
cano ; and after a volcano has erupted, serious earth- 
quakes in its neighbourhood no longer occur. 

Such are earthquakes and volcanoes. They are 
among the grandest and most impressive of all the 
appearances of nature. Happening only occasionally, 
and in very limited districts, most of which are far 

9 
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removed from civilization, they are events that only 
come within the experience of a few ; and they are 
the more terrible from their rarity and unfamilia- 
rity. 

All earth(][uakes, however, are not great or mis- 
chievous disturbances ; nor are all directly connected 
with volcanoes. There are small vibrations bearing 
the same name, and due to similar causes, affecting 
most parts of Eui’ope, and even our own island, and 
probably almost the whole smfface of the earth. 
These are tolerably frequent. There are accounts 
on record of more than a hundred earthquakes felt 
during the first half of the 2 ^ 1 ‘osent century in 
various parts of the British islands ; this being equi- 
valent to one every six months. None of them have 
done damage or injured human life ; very few, in- 
deed, being sufficient to have attracted much atten- 
tion, except as curiosities. In other parts of Europe 
there have been similar movements. In the coun- 
tries near volcanoes, some of these have been very 
serious. Elsewlierc, with few exceptions, they have 
simply alarmed, without injuring. On the whole 
there are accounts of about 1,G00 eai’thquakes in 
Europe in the first half of this century, being at the 
rate of thirty-two in each year, or one every eleven 
days. 

Great earthquakes are very destructive and terri- 
ble occuiTences. They are common in certain parts 
of the West Indies and South America ; but there 
have also been examples of extreme disturbance in 
Sicily, near the volcanic mountain of Etna, in Italy; 
others near Vesuvius, and others in Asia Minor. A 
very terrible earthquako occurred more than a cen- 
tury ago (in 1755) near Lisbon, when the town was 
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nearly destroyed , and GO, 000 persons perished ; but 
this was jirobaldy connected AWth some submarine 
eruption in ilie bed of the Atlantic. The circum- 
stances attending such distuibances are in the higliest 
degree appalling. Not long ago an earthquake oc- 
curred in the jdains on the eastern side of the Andes, 
i]i South America, by which the whole city of Men- 
doza was destroyed, and almost all the poinilation 
perished. 

These convulsions of the cartli are often preceded 
or accom])anied by rolling sounds, explosions, and 
other noises ; by a peculiar state of the air ; and by 
disturbances in its electric condition. Noises not 
unlike thunder have been heard at the same time in 
places some hundred miles asunder. The earth is 
lifted up, sinks down, and even twists round, pro- 
ducing results so extraordinary that they seem 
impossible. There are three kinds of motion felt, 
the most simple being a mere undulation ; the next, 
a sudden explosion or sharp heave, Avitliout undu- 
lation ; the third is mixed, and im olvcs motion 
onwards as well as upheaval. It is this latter, 
the rarest of the three, that produces the peculiar 
twisting motion alluded to. 

Earthquakes vary greatly in the extent of surface 
acted upon. Some are limited to a few acres, others 
affect nearly half the land on the globe. Those 
occurring in England are of the former, that of Lis- 
bon of the latter kind. They also vary veiy much 
in the time of theii* duration, some of the worst 
having been almost instantaneous, while some of 
those of small importance have continued for hours, 
and even days, to communicate a slight tremble. 

The city of Concepcion, in Chili, was destroyed, in 

9 * 
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1835, by a single overwhelming shock, preceded by a 
few tremulous movements. In less tluui six seconds 
the city was in ruins. The Lisbon earthquake was 
also a very rapid event. In 1857-58 tliere w^as a 
scries of earthquakes in southern Italy, which affected 
the whole of the main land for a distance of 
miles in a direct line, the whole area disturbed ex- 
ceeding 3,000 square miles. A largo number of 
towns and upwards of 20,000 human beings were 
destroyed, the greater part of the destruction being 
effected in a few seconds. 

There are certain bands of earthquake disturbance 
on the earth. In some the shocks are comparatively 
weak, in others they are very strong. A moderately 
weak band extends from Iceland, including Fcito, 
Shetland, and the south-west coast of Norway to 
Christiania, perhai^s reaching Grreenland. A narrow 
but intense band stretches through Sicily and Italy 
into southern France and the north-east coast of 
Spain, «and so northAvards tow^ards England by the 
Rhine. The most intense and remarkable of all is 
that of the chain of islands in the Indian Archipelago. 
Another band affects W estern Australia ; others of 
great intensity arc recognized in South America. On 
the whole, these bands follow the direction of the 
lines of elevation which separate the great basins by 
which the ocean is broken up ; they are very vari- 
able in length, breadth, and direction; they probably 
extend beneath the ocean ; and earthquakes occ.asion- 
ally originate, and frequently extend, beyond their 
margins. 

It has been suggested, as a conclusion obtained 
from observations, that the number of earthquakes 
occurring near new and full moon is greater than 
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the number occurring near the quarters, and that 
many more earthquakes occur during winter and 
autumn than during spring and summer. It has 
also been noticed for some centuries past that the 
number of severe earthquake shocks has been con- 
fined to two periods of the century, one a little after 
the middle and the other towards the end. 

l^larthquakes arc, in many countries, almost cer- 
tain signs of approaching volcanic eruption. The 
pent-up gases and steam explode and rend asunder 
the covering of rock, and open a passage from the 
interior of the earth to tlic surface. Whatever may 
be the general condition of the interior of the Cfirth, 
it is certain that wiihin all observed limits the 
temperature increases as ^vo descend, and that 
wherever volcanic' crui^tions take jilacc, there is a 
quantity of matter in a melted state not far from 
the surface. 

Fjo. 14,— Section Timor'OH a Volcanic Cone. 


a 



A volcano is a hill or mountain of a sugar-loaf 
shape, formed or forming by the thrusting out irom 
a crack in the earth of large quantities of rock, 
partly in a liquid state, like melted glass, partly in 
the state of fine powder, formed by the bursting of 
innumerable bubbles of gas and steam formed within 
the boiling rock, and partly of solid stones and frag- 
ments ot cooled lava thrown up during the eruption. 
Some volcanoes are very small and mere hills, others 
among the loftiest mountains in great mountain 
chains, but the conditions arc the same. At the top of 
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the hill or mountain there is generally a cup-shaped 
dc}3ression, called the crater (ji in the above cut), 
through which jets of steam rise, and from whicdi an 
eruption has taken ])lacc. Not nnlrecpiently melted 
rock forces its way out, in a thick sluggish sti*eain, 
through a crack inado in the side of the hill. With 
the ashes and stones and fluid rock, Avliich is called 
lava, there rise many gases, of which carbonic acid, 
nitrogen, and hydrogen are the principal. These arc 
accompanied by chloiinc and sulphur in considerable 
quantities. Vapour of water is always abundant. 

The magnitude of volcanic eruptions is sometimes 
very groat. The largest active crater known is in 
the island of Hawaii, or Ow^diee. The volcanoes 
on that island are three, but all belong’ to the same 
mass of ashes, scoria^, and lava, which extends 
lUO miles in one direction and 80 miles in another. 
The principal cones are nearly 14,000 feet high. 
The principal crater measures more than two miles 
across, and the depression that forms the crater, 
thougli constantly changing in depth, approaches 
feet. Within this crc.ter or cup is a lake of 
boiling lava, r>00 yards across, which is the throat or 
gullet communicating with the ijiterior. Sometimes 
the lava rises and fills tluj crater to a depth of some 
hundred feet, but moi’c frequently the melted rock 
breaks out at the side. A few years [tgo it began to 
flow ten miles below the top, and the stream ran sixty 
miles, with an average breadth of three miles, and a 
thickness of from dOO to GOO feet. The eruptions 
from the Hawaiian group of volcanoes are remarkable 
for being accompanied by steam and ashes. The 
great eru2)tions of other volcanoes have been always 
described as abounding in both these products. 
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In an ordinary volcanic eruption the dense volumes 
of steam, that almost always burst fortli at the com- 
mencement carry up vast quantities of fine light ash, 
which rise to a great height, far above the lower cur- 
rents of air and into the clouds, very /nany thousand 
feet above the sea. Drifted by the currents at diffe- 
rent elevations, the ashes are carried in every direction 
to vast distances. It is recorded that in the ei'uption 
of Coseguina, in the Andes, in 1835, the air was so 
darkened by the thick clouds of ashes, even at places 
fifty miles from the volcano, tliat people could not 
recognize each other, and the fowls went to roost. 
This lasted for forty-eight hours. The dust was 
carried in the direction of the wind at the surface 
about 700 miles in four days. In the opjDOsitc direc- 
tion the up])cr currents conveyed the ashes 1,200 
miles, and at this distance a ship sailed forty miles 
through the floating ash. All this material consists 
of the powder derived from the bubbles or frotli of 
the boiling rock, through wliicli the steam rushes 
during an eruption. With the dust large quantities 
of scoria?, or light frothy scum of the lava, and even 
fragments of rock, are thrown U]). Some of the 
latter are of several tons weight, and arc thrown 
many miles from the crater. Similar fragments, 
though of much smaller size, can bo seen at the foot 
of the crater of Vesuvius, and other active volcanoes. 

Torrents of melted rock, or lava, generally burst 
out, cither from the crater or fi*om the side of the 
mountain, very soon after the commencement of an 
eruption. The lava is thrown out in jets, which 
rapidly cool at the surface, but remain melted at a 
small depth. The result is a j)asty current of many 
miles in length, advancing slowly towards the low^er 
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ground or the sea. In a single short eruption 
100,000,000,000 of tons of lava have been thrown 
out in a few weeks. 

After the lava hns been poured out, the character 
of the eruption ‘changes a little. The proportion of 
carbonic acid gas increases, replacing the hydrogen 
and nitrogen, which are among the first products. 
The quantity of vapour diminishes. Sulphur and a 
rich variety of salts are deposited, and various other 
salts, more or less soluble, and often richly coloured, 
including alum, are formed at the surface. Theso 
are often washed away by rain, but are almost im- 
mediately re-crystallized. They give a most brilliant 
and picturesque appearance to the walls of the 
crater and the numerous fissures in the lava. 

When volcanic action is decaying, there still re- 
main many very striking phenomena. Among them 
fiiineroles of hot air, with steam and sulphur fumes, 
arc very common. Carbonic acid gas is largely 
thrown out from these crevices. 

Springs of boiling water are also occasionally seen, 
and they Jire generally, but not always, directly con- 
nected with volcanoes. Those of Iceland, called the 
f/n/sers, are the best known. They arc twenty- three 
miles from the great volcano of Hecla. The water 
rises at irregular intervals through a smooth pipe of 
flint, formed by deposits from the water, and into a 
basin also of flint, formed in the same way. A large 
column of water is thrown upwards of ninety feet 
into the air, and falls back into the basin. 

Jets of mud, either hot or cold, also occasionally 
appear near volcanoes. They are called mud volca- 
noes, and are met with in places where formei’ly 
there may have been craters, but where now little 
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else remains to mark this condition. The mud issues 
with j)etroleum floating on it, and the water is often 
salt and sulphurous. The mud forms small eonical 
hills, which sometimes extend over a considerable 
area. 

Volcanoes are comparatively rare ; and of active 
volcanic cones there does not appear to have been at 
any time a very large number at once on the earth. 
Four hundred would aj)pear to exceed the total 
number of principal active cones at present recog- 
nized over the whole surface. Some of these no 
doubt include an area over which there may from 
time to time be many different points of eruption, 
for eruptions rarely succeed each other from the 
same vent; but when the mode of distribution of 
these four hundred is considered, it will be found 
that there are very large tracts of the earth in which 
there is no such communication from the interior to 
the exterior as is indicated by a volcano. 

With comparatively few exceptions, the volcanoes 
are found on the rims or borders of the various 
basins which enclose the great oceans. If we con- 
sider them as partly in lines and partly in circular 
groups, wc shall find that all the circular groups are 
ill the ocean, and far from continents, while the lines 
are ranged round the edges of the oceanic basins. 
The most active is that of the islands of the Indian 
Archipelago, between the Indian Ocean and the 
China Sea. Next in importance is the Mexican 
group, between the two Americas, extending south- 
wards into the high Andes along the west coast of 
South America, and northwards to the Rocky ]\loun- 
tains. The Mediterranean band, including not only 
Etna and Vesuvius, but the volcano of Santorin, 
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reaching Asia Minor and the Red Sea on the one 
side, and the Azores and Canary Islands on the 
other, is exceedingly well marked. In the interior of 
Asia, extending to China, is a volcanic district, little 
known, but veiy remarkable. Eastern Africa con- 
tains some volcanoes of importance. In the Horth 
Atlantic is a group near the ALTctic circle, of which 
Hecla in Iceland is the centre. In the Antarctic 
circle there are at least three active volcanoes of 
considerable magnitude. Hew Zealand contains an 
active volcano. 

The best known among the active volcanoes are as 
follow: — !, those of South Italy and Sicily (in- 
cluding Etna, Vesuvius, and Stroniboli) ; 2, those 
of the Greek Islands, of which Santorin has been 
very recently in fin active state ; 3, Hecla, in Ice- 
land ; 4, the Central American group ; 5, tho 

South American group, including Cotopaxi and 
Cliimborazo, under the equator, and those of the 
Pcru^uan and Chilian Andes, further south ; G, the 
Java group ; 7, the groups in the Pacific Ocean, of 
which Hawaii, in tho Sandwich Islands, is by far tho 
most important. 

Tliey are not mentioned in order of chief energy 
and magnitude, as the Asiatic and American groups 
are the most intense in their action, but rather as 
they are known from description find easily reached 
and visited from England. Many of tho great vol- 
canoes are almost inaccessible. The following short 
notice of the history of some of the European volca- 
noes will be useful. We begin witli the South 
Italian, as the most familiar. They include a large 
district. 

Tho whole of Italy, from the valley of the Po 
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southwards, shows marks of comparatively I'occnt 
volcanic disturbance. Near Parma and Modena there 
arc mud volcanoes. Near Home arc cones and craters 
tliat have been in eruption at no distant period. 
Near Naples is Mount Yesuvius, still active, and 
close by it is a multitude of cones and craters, some 
of wdiich liave erupted within the last thousand 
years, and others not lonpf before. Between Naples 
and Sicily are the Lipari Islands, among which is 
Sti*oniboli, constantly burning ; and in Sicily is Mount 
Etna., a noble conical mountain, cntii'ely volcanic, 
and nearly 12,000 feet high, where the material 
eruj)ied covers at least GOO scjuai’e miles. Between 
Sicily and Alricia is a, shoal, where a few years ago 
(111 island ]‘ose out of the ocean. Thus the great 
b(dt of volcanic energy, of wliich Etna, Vesuvius, 
and Stromboli are Ihe active vents, is at least 7o0 
miles ill length. Some parts of it have been in 
eruption for a very long time, and it is almost cer- 
tain that all great volcanic bands may be considered 
permanent so far as the liuuian race is concerned. 
Etna lias been an active volcano ovei* since human 
records have existed, the lirst disturbance of which 
hear being nearly 2,o00 }'ears ago. With in- 
tervals of repose — sometimes of one or two, some- 
times of eight cenhiries — there lias been a succession 
ol eruptions, accompanied by eartlH|nakes, many 
ot them of the grandest and most destimctivo 
nature. \ast floods of lava liave Ireijuently issued, 
sometimes running more than twcidy miles, and a 
mile or two in width. Even so lately as in 18G5 
the great crater and a jnirtion of the side of the 
mountain was split asunder, and a number of new 
cones and craters were formed. On this occasion 
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lava on a large scale was poured out, and all tlio 
phenomena of a great eruption are still traceable. 
There are small eruptions and jets of steam and gas 
from the principal crater very long after the termi- 
nation of the great disturbance. On the side of 
Etna there are upwards of a hundred cones and 
craters, some of them several hundred feet high. 

Stromboli is one of a group of volcanic islands in 
the sea between Sicily and Naples. It is more than 
2,000 feet high, and rises directly fi'om the sea, being 
entirely composed of lava and volcanic ash. It is 
always smoking, the smoke consisting of steam and 
some gases. No important eruptions arc recorded. 

Vesuvius, although a long distance from Etna, 
appears to be connected with it undei’ground, as the 
two volcanoes arc never active together. It is an 
isolated hill, rising about 4,000 feet above the sea ; 
but the volcanic district, of which it is the present 
vent, extends about 40 miles, to Ischia, with a breadth 
of 20 miles. The whole of the hill and the country 
adjacent seems to consist of erupted matter. 

The first eruption recorded of Vesuvius took place 
about 1,800 years ago. With intervals of one, two, 
or three centuries of repose, and sometimes less, it 
has since been active, and during this century there 
have been several eruptions of considerable though 
not extreme magnitude. The only vents at present 
are on or very near the principal cone and crater ; 
but two hundred years ago eruptions took jdace from 
cones many miles to the west. The last considerable 
eruption previous to one still going on was in 1801, 
when eleven small new cones Avere formed, and a long 
fissure produced in the ground. The eruption of 
1807-8 has been important, though less so than many 
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recorded. The addition to the mass of the mountain 
by these later eruptions has not been large. Great 
care has been taken in the examination of the pheno- 
mena, and the quantity of matter erupted on each 
occasion has been estimated. 

The singular group of islands in the Greek Archi- 
pelago, of which Santorin is the largest, is a circular 
chain of islands, consisting of an extinct crater, 
whose rim projects from the sea ; and in the centre 
are two or three small islands, which are the result 
of successive eruptions in the interior of this vast 
crater. One such eruption took place about a cen- 
tury ago, and formetl an island. This island has 
been more than doubled during an eruption that 
commenced at the beginning of 1866, and has not, 
after two years, ceased to pour out melted rock, which 
rises from a great depth below the level of the sea. 

Hecla is one of the chief of the European volca- 
noes. It is about 6,000 feet above the sea, and rises 
in the south of Iceland. It has erupted on an average 
about eight times in a century during the last thou- 
sand years. The volcanic district is a region of about 
3,000 square miles, so wild that it has been hardly 
possible to penetrate it. Besides Hecla there are 
many other considerable volcanoes, and the whole 
island is more or less volcanic. There are single 
streams of lava 50 miles long and 15 miles broad. 

The South American volcanoes are rcmai’kablo for 
the extreme magnitude of the eruptions, corresponding 
to the great height above the sea at which they take 
place. There arc two principal groups, one of twelve, 
the other of seventeen active volcanoes, and some of 
the cones are more than 20,000 feet above the sea. 
There is another group, large in number of cones, 
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but less elevated, tlic average being 18,000 feet. From 
some of the loftier craters a jet of steam and gns is 
thrown up o,000 feet above the edge of the crater, 
.and from them sounds issue and aslu's liavc been 
ejected that have been recognized by the mariner, and 
have rendered the .air obscure, at distances of more 
than a thousand miles. 

The great volcanoes of the Indian Archipelago arc 
scarcely less rcmai’kablc than those of South America. 
They also send out vast showers of ashes ; they arc 
accomp.anied by fearful earthquakes, and floods of 
lava issue from them. 

The existing and active volcanoes of the earth are 
accompanied by cones and craters now entirely .at 
rest. Some of tlicso may ])e of great antiquity, but 
if they are near a present seat of action avc cannot 
regard them as extinct. There are, however, in other 
j).arts of tlie earth, .at a great distance from volcanic 
bands, very clear proofs that there were once out- 
bursts of steam, gas, ashes, and stones, with floods of 
melted rock of precisely simil.ar character. In France 
and Germany .are extinct volc,anic districts that ex- 
hibit all the ordinary phenomena. Other countries 
also contain them. Thus we may safely conclude 
that at various times in the earth’s history there has 
been this kind of communication between the interior 
and the surface of the earth, and that these communi- 
cations are limited to certain districts which are not, 
of great extent, and which .are shifted very slowly. 

It is important to observe that while the vicinity of 
the sea, or at least of water, seems essential, the neigh- 
bourhood of a lofty mountain chain is by no means 
important to the existence of an active volcano. 
Volcanoes seem to have relation to lines of cleva- 
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tion, and are doubtless indications of the points where 
elevatory force acting from below is likely to show 
itself. They arc also connected with certain parts of 
the earth’s service where the strata have been dis- 
turbed, and other large districts where there are slow 
movements of upheaval and depression. But there 
are no lines of volcanic action that can be distinctly 
traced to have relation to the great lines of upheaval 
easily seen and recognized on a map or the globe. 
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CHAPTER VIII. 

DISTRIBUTION OF PLANTS AND ANIMALS. 

Our earth is so contrived, its surface so consists of 
an alternation of land and sea, the whole surface is 
so covered with a veil of air, and the conditions of 
temperature are such, that there is a place in almost 
every part of land, water, and air for some form of 
life. Whatever the nature of life may be, of this 
fact there is no doubt. Vegetation thrusts itself 
everywhere, and animal life is always at hand. 'I'he 
barren and massive granite soon serves as a con- 
venient place on which a lichen can grow. The pool 
of dirty water is almost immediately crowded with 
animalcules. The very atmosphere is alive with 
insects and birds. It is a law of nature that 
nothing should bo lost, and, however it is caused, 
there is no doubt that life is present everywhere, 
adapting itself to the existing conditions. 

Vegetation in its simplest form would seem to 
be produced by a very small but peculiar chemical 
change acting on inorganic matter. The structure 
becoming more complex, we find plants more and 
more limited in their range and distribution ; but in 
every case life belongs to matter, it is constantly 
undergoing change, and it is always present. The 
simplest forms are those which arc most widely 
spread. 

A little consideration will show that life is in 
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a certain sense capricious. Certain conditions are 
favourable for some kinds of development, while 
other conditions are preferred for other kinds. 
Climate is strongly marked by vegetation, and alto- 
gether influences it. But although similarity of 
climate produces similar vegetation at all times, it 
does not repeat the same species, either at dilferent 
times or in diflerent places. Thus, in distant parts 
of the world, where the climate is so nearly identical 
that the same plants will flourish, and similar profit- 
able crops can be obtained from the same seed, the 
natural growth is different. Each country has its 
own group ; and this natural group, which is called, 
in natural histor}’’, its flora, appears to be the result 
of the changes produced by climate, these being the 
natural influences afiecting plants. 

The distribution of plants may be considered 
either with reference to places nearly at the same 
level, but differing in latitude, or to those in the 
same latitude but at diflerent heights above the sea. 
Tlius, within the Tropics, on the shore of the Gulf of 
Mexico, there is a certain natural vegetation. Ad- 
vancing northwards, along the shores of North 
America, from the torrid to the frigid zone, there is 
a constant succession of new plants and trees, the 
old ones disappearing. From palms 'we come to 
forest trees, and from them to pines. At length 
trees disappear. In the same way, in ascending the 
Andes from the coast, a similar change would be 
observable. As we ascend we lose the tropical 
character ; passing through the sub-tropical to the 
temperate, and thence to the fi’igid, in something of 
the same manner. 

In a very general way the following will express 

10 



130 


THE WORLD WE LIVE IN. 


the characteristic vegetation of different zones or 
belts of country differently situated: — 

1. Near the equator (within 15*^ to 20°) palms and 
bananas aro the most abundant Iroes, from the sea- 
level to a height of 2,000 feet. The food-plants are 
banana, nuts and shoots of the palm-tree, bread- 
fruit-tree, pine-apple, tamarind, sugar-cane, yams, 
cocoa, and spices. 

2. Beyond this, for another ten degrees in the 
Northern, but much farther in the Southern hemi- 
sphere, tree ferns abound, and species of fig are very 
numerous. These range from 2,000 to 4,000 feet in 
height at the equator. Maize and the sweet potato 
are added to the food-plants, some of the tropical 
kinds becoming rare or disappearing. Coffee is 
common. 

3. Myrtles and laurels, rice, cotton, and tobacco, 
characterize the next or sub- tropical regions. They 
extend from 4,000 to G,000 feet above the sea at the 
equator, and are accompanied by a rich variety of 
fruits, and some palms. They extend into some of 
the southern States of North America, and touch the 
shores of the Mediterranean in Europe and Asia 
Minor. In xlsia they extend from the mountain 
chain to the Tropics, and on the east coast into China 
and Japan. In South America, east of the Andes, 
they are mot with as far as Brazil. Wheat is culti- 
vated as well as maize among corn foods. Orange 
and lemon trees are common. 

4. Evergreen trees belong to the warm temperate 
zone. These range generally as far as 40° in the 
Northern and 35° in the Southern hemisphere. The 
vegetation is totally different in the two hemispheres, 
but the^ products of each may, by careful manage- 
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ment, be cultivated in tbe other. The height above 
the sea-level at the equator corresponding to this 
form of vegetation is from G,000 to 8,000 feet. The 
food-plants in this region are wheat, barley, potato, 
millet, chestnut, the vine, and many common fruits. 
The heaths arc here common plants in the warm 
temperate zone in both hemispheres. 

5. Deciduous trees — those whose leaves fall during 
autumn, leaving the tree bare in winter. These be- 
long cliiefly to the colder temperate zone, and corre- 
spond to a height of from 8,000 to 10,000 feet at the 
equator. Of this zone the oak, the beech, the ash, the 
elm, the horse-chestnut, the walnut, the lime, and 
many pines are the natural inhabitants. Wheat, 
barley, oats, and potatoes, and the plum, apple, pear, 
cherry, and other hardy English food-plants are cul- 
tivated in the Northern hemisphere. In the Southern 
there are none of these, and no fruits corresjDonding to 
them, but most of them may be grown if introduced. 

0. The region of pines, or the snb- Arctic zone, 
corresponding to a height of from 10,000 to 12,000 
feet at the equator, comes next. Here the cultivation 
of wheat ceases, and is replaced by oats and rye. 
The willow, alder, birch, juniper, larcli, and Scotch 
fir arc the common trees ; the strawberry, I'aspberry, 
cranberry, bilberry, Ac., are the products of stunted 
bushes. These all belong to the Northern hemisphere. 
In the Southern there arc little more than mosses and 
corresponding species of birch and beech, but in the 
latitudes we arc now describing there is little land, 
except Patagonia and Tierra del Fuego, a gi^eat part 
of which is lofty. 

7. The rhododendron region ])elougs rather to 
high elevations or mountains, especially the Hima- 

10 * 
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lajan chain and the Alps, and is poorly represented 
in the Arctic zone, and hardly at all in the Antarctic. 
Stunted pines and birch are sometimes seen. Ai- the 
equator this region occurs from 1 2,000 to 1 4,000 loot 
above the sea. 

8. The extreme region is that of lichens and mosses. 
These are Alpine plants, which thrust themselves in 
wherever life is possible, and sometimes prepare the 
way for a higher class of A^egetafion. The lichens 
and mosses are met Avith at extreme cleA^ations and 
in extreme latitudes. Some are edible, serving as 
food to the few large quadrupeds and human tribes 
that inhabit such desolate regions. They extend, 
according to circumstances, to an elevation of nearly 
10,000 feet, perhaps nearly 20,000 feet in some places, 
and toAvards the poles they reach l)eyond the ]ioint 
where snoAV ahA^ays covers the land, being met with 
as a growth on the surface of the snow itself. 

The limits here giA^en are not absolute, and arc 
liable to be overpassed in many Avays by accident or 
human interference ; but they seiwc as a useful guide 
to the general extension of those ])lants and trees 
that arc most familiar. They cspc'cially fail in the 
Southern hemisphere, where, the land being of small 
extent and detached, ihe A^arions conditions of groAvih 
are ditlerent. The ])alms and tree ftauis extend much 
farther soutliAvards than they do northwards, and the 
gum trees and acacias, the aloe tribe, and many oiliers, 
flourish in latitude's AAdiere the natural groAvth in the 
Korthern hemisphere is so ditferent Jisto ofler a strik- 
ing contrast. In all these cases it is easy to trace the 
cause of diflerenco in the climate and conditions of 
existence. 

In similar positions with regard to latitude, in cor- 
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responding positions of climate, and in places other- 
wise similarly circumstanced in the two hemispheres, 
the tendency to similarity of result may be discovered 
by a marked resemblance in the vegetation. Corre- 
sponding plants, or those which occupy a similar posi- 
tion in different countries, are called representative. 
This is the case whether the representation is on a 
small or large scale, and -whether it is shown in form 
or internal structure. The strange succuhmt plants 
c.alled cacliis, among the most curious and grotesque 
that gi*ow, are very abundant in a peculiar climate in 
South America. A whole tribe, called l)y botanists 
the replace and represent them in similar 

latitudes in South Africa. There is a peculiar kind 
of gigantic pine, Avith prickly leaA'os, growing in Bra- 
zil, called the Araucaria, or sometimes the monkey- 
puzzle, from the ditliculty the monkeys find to climb 
it. A very similar tree, but different in species, 
represents it in Norfolk Island, a detached island far 
away in the Pacific, near the eastern sliorcs of Aus- 
tralia. A hundred such illustrations might easily be 
found. But representative species do not always 
prevent the plants belonging to one country from 
driving out those of the other Avhen introduced. 
Thus the palm-tree that yields the cocoanut, is a 
native of the West Indies. It Avas long ago imported 
into India, and in Ceylon it has driven out many 
native species, and millions of cocoanuts arci now 
exported annually from that island alone. The po- 
tato, imported from America a fcAV centuries ago, 
is now one of the most common and use! ill of the 
food-plants of Europe. Wheat, on the other hand, 
introduced from Europe into North America, is now 
grown there to so great an extent as to supply 
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very largely the European demand. There would 
seem to be hardly any limit to this power of change, 
and to the adaptability of plants to new stations, 
although in a natural state they seem absolutely 
fixed, and the number of cases of migration which 
cannot be traced to human influence is few and 
unimportant. 

Owing to the wide spread of the human family 
over the earth, and the tendency of man to carry 
Avith him and endeaA^our to cultivate the plants to 
which he is accustomed, owing also to the occasional 
conversance of seeds, as of Aveeds and other common 
lolants, by accidents, there is found to be a great 
mixture of plants in cAsery country. This is greatly 
increased, because in many countries there has been 
a sensible change of climate Avithin a comparatiA^ely 
short period, and in some cases a change of loA^el, 
Avhile there is cAndence of some spots that are now 
islands having been formerly parts of continents. 
Thus the actual AU'getation, especially in cultWated 
and long-settled countries, is exceedingly coinjdicated, 
and diflers greatly from that Avhich belongs to the 
district by latitude, climate, and position. There 
are some few plants tliat seem to range naturally 
almost everywhere ; but this is altogether the excep- 
tion to an important general rule. 

There is a distribution of marine vegetation of 
something of the same general nature as the vege- 
tation on land. Eight marine proAunces have been 
described by Dr. Hooker, and diflerences in depth 
correspond in some measure to diflerences in latitude 
and position. The provinces are : (1) Northern 

Ocean, with sea-Aveeds of very simple stmeture, 
living at almost all depths ; (2) North Atlantic, 
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cliaracterized by tbe fucus ; (3) Mediterranean ; (4) 
tropical Atlantic, witb tbe Gulf weed ; (5) Antarctic, 
with forests of tangled weed; (6) Anstralian ; (7) 
Indian Ocean and Red Sea; (8) Japan and China 
seas. It will be seen that most of these are enclosed, 
or partly enclosed, seas, as the weed grows chiefly 
not far from shores. Many of the species are repre- 
sentative. 

Animals arc not less clearly arranged and distri- 
buted in natural groups confined to distinct regions 
than plants ; but they have for the most part greater 
powers of migration, and certain tribes, particularly 
well provided in this way, are enabled to visit all 
heights, and range to almost all distances. Largo 
classes of animals, however, are very little able to 
quit the region in which they are born, and if cir- 
cumstances cease to bo favourable to their existence, 
they cannot transport themselves to more convenient 
stations. 

There is a very well-marked distinction between 
animals inhabiting water and those who dwell on 
land, and of these latter there are some who make 
the air their chief place of abode. Thus animals 
are divisible into three groups ; but it is necessary 
tljat the student of Physical Geographj^ should under- 
stand the general outline of scientific classification 
with regard to animals to know the full value of 
tlie groups existing in diflerent districts. These are 
based on essential peculiarities of structure, and are 
as follows : — 

All animals are either vertebrate or invertebrate ; 
that is, they either possess or do not possess a back- 
bone. Of those that do {verlchmta) there are four 
well-marked groups — mammals (which give suck to 
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their young) , birds, reptiles, and fishes. The first class 
includes the ordinary quadrupeds and a few aquatic 
animals, as the whales. Man is at the head of this 
class ; and monkeys, which are four-handed (quadru- 
mam), come next. The carnivores, or flesh-eating 
mammals (lion, tiger, <fec.) ; the ruminants (ox, sheep, 
camel, deer, &c.) ; and the pachyderms, or thick- 
skinned tribes (elephant, horse, pig), come next. 
The rodents, or gnawing mammals (beaver, hare, 
rat, &c.) ; the edentates, or toothless mammals (ant- 
eater, armadillo, sloth) ; the cheiroptera, or flying 
mammals (bats) ; the marsupials, or pouched mam- 
mals (kangaroo) ; and the cetacece, or wdiales, complete 
the list. Of birds there are six groups — birds of 
prey, climbers, warblers, poultry, and swimmers. Of 
reptiles there are fx*ogs, serpents, lizards, and tor- 
toises. The subdivisions of fishes are less important. 

Of the invertebrates there arc the arliculata (in- 
sects, crustaceans and worms) ; -mollusca (cuttle-fish, 
snails, oysters) ; radiata (star-fishes and coral ani- 
mals); and protozoa (sponges and forarninifera). 
These are the chief divisions. 

The group of animals inhabiting a district is called 
its fauna, and is generally composed of a cojisider- 
able mixture, including some or most of the principal 
divisions. There are, however, many exceixtions, 
some islands having had no quadruped when first 
discovered, others are without reptiles. Few dis- 
tricts are without birds, and perhaps none without 
representatives of most of the invertebrata. The 
vertebrates are called the higher, Jind the inverte- 
brates the lower, as having more or less coniplicated 
organization. Of course many strictly aquatic faunas 
are without some of the natural groups; though 
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even this is not always the case, except with re- 
gard to birds, as there are marine quadrupeds or 
mammals (whales, seals, &c.), and marine reptiles 
(turtles). 

As Avith plants so with animals — the natural fauna 
of a place is not always capable of holding its oavu 
against emigrants; and thus where man has had an 
opportunity of interfering, the present condition is a 
sort of compromise, and often a transitional state, in 
which the native tribes are dying out and strangers 
taking their places. Care must be taken to discover 
whether the apparent is the real fauna. 

Ill ere is a great diflerenee observable between the 
faunas of stations very similarly situated in regard 
to latitude and climate in the Eastern and Western 
hemispheres. There is an equal difference seen in 
comparing places in the north and south temperate 
zones. Even in islands removed a A^cry moderate 
distance from a continent or from each other, there 
are sometimes entii'ely distinct faunas. Let us trace 
in Avhat this difibrence consists. 

The larger carnivora are chiefly confined to the 
Old World, and indeed to the eastern part of it. The 
lion, tiger, leopard, panther, and hyiena arc repre- 
sented in America only by the ])uma, the jaguar, and 
others of much smaller size. But there is a marked 
difference of species even between the larger quad- 
rupeds of tropical Asia and Africa, and this diflt'reiic e 
is also seen in most of the other tribes. Thus of the 
pacliyderms, Asia and Africa both have the elephant 
and rhinoceros, but the Indian and African kinds are 
totally difierent ; Africa has the hippopotamus also. 
Asia yields the true horse, the ass, and several 
marked species of the same genus. Africa has the 
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zebra and some others, also quite distinct. Even the 
pig tribe are limited to certain districts, though the 
wild boar lias a wide range. In America there is 
hardly one native species resembling any of these. 
The tapir represents the elephant, but is much 
smaller. The peccary represents the hog. The 
horse and ass have been introduced, and have over- 
run the great plains of South America, displacing 
other animals. Of ruminants there are also distinct 
groups. The camel is represented by the llama. The 
goat, the sheep, the ox, and other domestic animals 
have been introduced and flourish, but there was 
nothing I'cscnibling them when America was first dis- 
covered. The great multitude of antelopes and deer 
(of which there are whole groups of sj^ecies common 
in (.‘astern Asia, and others in Africa altogether dis- 
tinct) are quite unrepresented in the warmer parts 
of America ; and it is onl^'in the far north, where the 
lands of America and Asia almost touch, that ‘wo 
find the elk and reindeer extending from one conti- 
nent to the other. The girafle is African only. Of 
the monkeys tliere are two very well-marked groups, 
distinguished by the use of the tail. The American 
kinds m 11 make use of the tail as a fifth hand ; the Asiatic 
and African kinds do not, but they differ considerably 
among themselves. The gorilla, chimpanzee, and ba- 
boons are as diflerent from the Asiatic monkeys as are 
the spider monkeys, weepers, and howlers of the Bra- 
zilian forests. The rodents or gnawing animals and the 
bats are totally diflerent. Of the edentates there is 
barely a I’eprcsentntive species out of America. The 
marsupials arc very imperfectly represented either in 
Asia, Africa, or America, and are not found in Eu- 
rope. Australia contained scarcely any indigenous 
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quadrupeds when discovered, except those belonging* 
to the marsupial tribe. It had not a single ruminat- 
ing animal. It was the country of pouched animals, 
as South America was the country’' of the edentates ; 
but almost all the various classes of quadrupeds were 
in a certain sense represented among the pouched 
animals, so that it rather represented an entire king- 
dom than a province. 

It is not only in regard to quadrupeds that the 
world is divided into several distinct natural history 
provinces, having little, if any, community of species. 
Even in birds, something of the same kind may be 
observed. The humming-birds arc essentially Ameri- 
can, not confined to any part, but not ranging into 
any other country. The ostrich is African, extend- 
ing into Arabia. The whole tri1)e of l)irds of bril- 
liant plumage arc tropical and Asiatic. Singing 
birds are almost confined to Europe and the Mediter- 
ranean shores of Africa. Keptiles exhibit the same 
general peculiarity. The crocodiles of Asia and 
Amenca are altogether distinct. The boa-constrictor 
of South America corresponds to, but is very diffe- 
rent from, the jiythons of Africa. Even the frogs and 
lizards of the two hemispheres are quite distinct ; so 
are the turtles and tortoises. The fishes of the 
northern seas and those of warm latitudes are not at 
all the same, many species being limited to a small 
extent of ocean, others ranging widely, but con- 
stantly returning to the same waters to breed. The 
fresh- water fish are strictly limited in position ; but 
these, like other animals, are capable of being 
transported to distant climates, where, if the circum- 
stances are favourable, they may extirpate the native 
inhabitants. 
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Among invertebrate animals the molluscs are 
chiefly inhabitants of the water, and the radiata 
almost exclusively so. Most of the crustaceans also 
are aquatic. The insects (ai-ticulata) avo for the 
most part land animals, living part of their life in 
the cartli and part in the air. All are distributed in 
groups. Some few species range widely, but the 
rest are very strictly limited, and are confined often 
to very small districts. Each species and natural 
group is adapted to the existing conditions, whatever 
they may be ; and if those change the race disappears, 
rarely migrating to any great distance. Still, when 
there is an opportunity, certain species occasionally 
find an entrance into a district already peopled, and 
displace the native tribes. Some insects, such as 
locusts, whose habits are essentially migratory, range 
over nearly two thousand miles of country, but do 
not take the place of other insects. Olliers, as the 
tse-tse fly of South Africa, cannot cross a river. On 
the whole, the iuvertelirata mark with tolerable dis- 
tinctness the crutlincs of natural provinces. 

Of the great natural provinces, it may bo sup- 
posed that oceans, great mountain chains, deserts, 
and gi’cat rivx'rs live natural boundaries, at least so 
iar as land animals are concerned, while continents 
alone separate mai'ine faunas. To a certain extent, 
no doubt, this is the case. Eew large animals, 
except some birds of poAverful wing, can cross 
mountains or oceans, and the bari-enness of deserts 
is an elfectual barriei*. Fcav rivers are impiortant 
enough to separate regions. .Hut though to a 
certain extent this is so, there are important excep- 
tions. Some regions exist which are not so sepa- 
rated, and others seem to enjoy a community of 
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animal species in spite of them. No part of the 
world is more remarkable in these exceptions than 
the islands of the Indian Archipelago and Australia. 
The whole of the islands of Eastern Asia and the 
Pacific arc in this respect worthy of careful study. 
In most countries islands possess the flora and fauna 
of the nearest continent. This is not the case when 
we have- passed the coasts of Central and South 
America and entered the Pacific. Among the 
islands of the Indian Archipelago there is a line of 
demarcation, consisting of a few miles of deep water, 
only observable by its results ; and there is a similai* 
line in the interior of Africa, between the east and 
west tropical coasts, although there is no chain of 
mountains to cut off the communication. Notwith- 
standing this, the faunas arc very diflerent. No 
doubt there exist some connecting links between 
districts tlms se]mi'ated, but the separation is not 
the less distinct and real. 

It might be expected that in illustrating the 
various floras and faunas our illustrations should be 
drawn from the countries most tainilifir, but owing 
to the long- continued interference of civilized or 
semi-civilized man in these countries, they are in 
fact those least adapted to give useful information. 
Certain races of animals seem especially useful to 
man, and most of them admit of enormous varia- 
tions, while some of the varieties are capable of 
accompanying their master to climates widely diffe- 
rent from those natural to them. Thus in Europe 
we find a mixture of plants and animals from all 
])arts of the world. Our trees and plants are more 
Ibreign than native. The cattle we possess, if 
originally native, have entirely lost their original 
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character. The sheep, if European, were derived 
from a stock of which the moufflons of Sardinia 
and Corsica are tlie only remaining examples. The 
fox, the Avolf, the black bear, the badger, the wild 
cat, the wild boar, and the beaver were all once 
inhabitants of European forests. Except the fox, 
they are now almost extinct, except where the popu- 
lation is still scanty. Of all the European quad- 
rupeds (less than 200 in number) only about sixty 
are peculiar to the Continent, and of these none are 
large. Of the birds the same may be said, the 
domesticated varieties being the most important, 
and they are all introduced. The number of reptiles 
is small, and the species unimportant. The variety 
of fish round the European shores is, however, 
extremely remarkable, and the kinds include most 
of those useful to man. Europe is not much more 
instructive in its invertebrata than in its vertebrata 
in illustrating the distribution of animals, although, 
on carefully comparing these, many remarkable indi- 
cations of the source of the flora and famia may bo 
traced. 

Asia is even more remarkable in this respect than 
Europe. It includes two natural history provinces, 
one north and the other south of the great mountain 
chain. Some of the lai’gcr carnivora,, as the tiger, 
j)ass across the mountains, and range far to the 
north. Others, as the elephant, do not extend far, 
being limited to the peninsulas of India and Malacca, 
with the island of Ceylon. Others, as the camel, 
range very widely. The deer tribe, including the 
antelopes, .are widely dispersed, numerous, and 
chiefly found in the western countries. Vast num- 
bers of birds of brilliant plumage and many reptiles 
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are characteristic. The plants are eminently charac- 
teristic also. 

Africa, with Arabia, includes two or three sub- 
provinces, forming one great kingdom. Africa is 
exceedingly rich in quadrupeds, especially carni- 
vora, ruminants, and pachyderms, and in monkeys. 
There arc about one-fourth of the whole number of 
known species found in Africa, and a large propor- 
tion are confined to that continent. Birds are also 
exceedingly abundant, and their plumage very bril- 
liant, while reptiles, though represented by some very 
remarkable serpents and by crocodiles, are not so 
abundant. Insects abound, and arc characteristic. 

Another very distinct province exists to the south- 
east of Asia, connecting the plants and animals of 
Asia with those of Australia. But the mixture is 
very imperfectly effected. Orchids, zamias, bamboos, 
tree ferns, and numerous tropical fruits, the india- 
rubber, or caoutchouc tree, the camphor tree, and 
many others, mark the Asiatic chai'acter. Across a 
sea fifteen miles wide we reach the comparatively 
poor and barren flora of Australia, accompanied by 
the singular array of kangaroos and other pouebed 
animals, representing in a strange way the faunas of 
other parts of the world. 

America, although one in many respects, and 
having not a few species and many genera common 
almost throughout the continent, in spite of its vast 
extension in latitude, has great differences, both of 
vegetjible and animal life, corresponding with its 
varied climates. Brazil is a countiy that is exceed- 
ingly rich in life, and is a sub-province of consider- 
able importance. But all tropical America is 
remarkable. Its quadrupeds are few and poor, but 
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its birds are remarkable for size and strangeness of 
form. The turkey, now so common in Europe, is 
from Mexico ; the condor of the Andes is one of the 
nol)lest of birds of prey ; the humming-birds are 
unrivalled. Reptiles are very abundant, and many 
of tliem poisonous. Most of them are not only 
different in specific character from those of other 
countries, but there is little or nothing beyond 
general structure to identify them. Sub-provinces 
exist in ^N’orth America. 

Besides these principal divisions, there arc very 
many subdivisions containing natural history groups. 
Almost every country exhibits some of these. Large 
countries frequent]}^ exhibit several. Here and then^ 
dotted about the world are spots which seem to be 
the birthplace of some curious group or rare species. 
From tills the species extends alone, or accompanied 
by others, with more or less vigour, and thrusting 
out others as it advances. The whole world seems 
peopled in this way. Plants and animals have taken 
advantage ol‘ every opportunity to establish them- 
selves at the expense of their neighbours. As the 
seasons change, as the conditions of life in a district 
alter, so do the plants and animals become modified. 
This is the great struggle for existence, and this kind 
of struggle has always gone on from the creation of 
the world. In this great struggle every living thing 
enters and takes its place according to its strength 
and resisting power. Cei4ain tribes, assisted by man, 
make their way, and establish themselves in spite of 
natural conditions, but they only do so as long as the 
assistance is granted. 

it must not be lost sight of that animals, as well 
as vegetables, are distributed in vertical space accord- 
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iiig* to ilic same general law as that wliicli ailccts 
them ill regard to latitude. Thus, in rising to a high 
table-land, or on the slopes of a high mountain, the 
replacement is in a general sense similar to that ob- 
served in passing from a latitude near the equator 
to one near the pole. Thus the monkey, which is 
found in Africa, near the equator, up to a height of 
12,000 feet, barely reaches the level of the sea, in the 
latitude of Gibraltar. In Europe, as in Asia, the 
i-uminants, of which the goat and sheep are repre- 
sentatives, reach generally almost to the snow-line 
in all latitudes, at whatever elevation the snow- line 
may be. Even birds obey this law ; and among fishes 
and othci* inhabitants of the water, depth corresponds 
to height in determining* the corresponding regions. 
Thus the distribution of plants and animals in space, 
although it seems at first to involve many intricate 
and troublesome problems, really resolves itself into 
a question of favourable conditions of existence. The 
introduction of life takes place where circumstances 
are favourable for the development of the germs 
Avhich appear to be cveryAvhere present. The nature 
of the life is to a very great extent determined by 
the temperature, the moisture — in a word, the climate. 
This is not the same in any two stations, nor does it 
remain the same for long together. Thus species are 
being continually altered, destroyed, and replaced, 
and this constant change is the law of nature, not 
in any sense the result of accident or an occasional 
incident in the history of the world. 
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CHAPTER IX. 

DISTRIBUTION OF THE HUMAN RACE. 

The i)osition of man on the earth is very peculiar. 
He is one of its later inhabitants, and appears to 
exercise a disturbing influence of a different and 
much higher kind than any other animal. He is 
also much more independent of change of climate 
than any other animal of complicated organization. 
Capable of advancement in civilization under certain 
circumstances, and most capable of enduring change 
when most civilized, the human family seems now 
divided into certain natural groups, having very 
strongly marked characteristics, and among the rest 
a very different susceptibility to civilization. But 
this, after tdl, may be more apparent than real, for 
it is one of tljo peculiarities of the human race that 
its members may remain in a state very little re- 
moved from intelligent quadrupeds or monkeys for 
an indefinite time, and then suddenly, and with gi’eat 
rapidity, start into a high condition of intellectual 
activity. Thus, in the study of the human race and 
its influence, we are met at the outset by great diffi- 
culties, which are not easily mastered. 

The human race, in a savage or uncivilized state, 
appears to have existed on the earth for a very long 
period. Existing records go back only a few thou- 
sand years (five or six thousand), at which time the 
race, or some families of the race, had already grown 
out of barbarism into intelligence. There were then 
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races who could and did cultivate food-plants, use 
mechanical powers in building, and exercise much 
ingenuity to escape from their enemies. This de- 
gree of intelligence was at that time very well estab- 
lished in several districts ; and very soon after- 
wards there is proof that many of the distinctive 
marks that characterize some of the families of men 
existed as strongly as they have done since and do 
now. These include peculiarities of structure and 
colour. Whether they arc essential, and mark what 
is called species, it is not necessary here to consider. 
They exist, and by them we still distinguish the dif- 
ferent divisions of the human race. The pyramids 
of Egypt, and human remains found in caverns, are 
among the most instructive monuments in these 
matters. 

It appears from discoveries made in gravel and 
caverns, that man lived in Europe when the climate 
admitted of the existence at the same time in Southern 
Europe of the reindeer and the elephant. The cli- 
mate must then have been totally different from any 
existing European climate, and since then many old 
species of the animals of the period have become 
extinct. The men of those days, after remaining 
apparently without much improvement, while great 
natural changes were going on, and migrating, it 
may be, from time to time in search of food to fresh 
countries, either died out and were replaced by others, 
or it may be that the higher faculties of these same 
races were at length awakened, and intellectual 
growth commenced. To their mere animal power 
the earlier races added the use of natural agents ; 
they domesticated and employed certain tribes of 
animals ; they cultivated the land ; they began to 

11 ^ 1 ' 
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build iu a style capable of enduring through many 
generations ; and thus commenced the history which 
has now been going on for many centuries, and which 
has resulted in the extreme advance of a few races, 
with little change or improvement in many large 
natural families. 

But when we endeavour to make out how far the 
human tribes of different countries resemble each 
other, and wherein they differ, we are once more in- 
volved in great difficulties. The people of England, 
in their present state of civilization, differ from those 
of France. There is such a thing as national cha- 
racter, and each nation possesses its own. Even the 
national character of the English, Welsh, Scotch, 
and Irish, all inhabiting one small group of islands, 
is known to differ exceedingly. This may be ex- 
plained by saying that the people arc differently 
derived, but this only throws back tlie difficulty 
one step farther. Who were the ancestors of these 
peoples ? Whence did they come ? and why did they 
occupy these islands? These are questions that 
cannot be ansAvered by any historical authority, and 
we arc reduced to study the only records that really 
remain — the roots of the languages they speak. Thus 
the department of Physical geography we are now 
considering is almost more a branch of literature 
than of natural history. 

There are at the present time a certain number of 
groups of the human family very distinctly marked. 
They differ in actual structure, having many parts of 
the bony framework of the body, the colour of the 
skin, and the colour and texture of the hair so dis 
tinct as apparently to justify us in separating them 
as species. But, on the other hand, differences at 
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least as great are produced by man himself on do- 
mesticated animals, especially the horse, the dog, and 
the homed cattle. It is true that the various groups 
differ also in the power of reasoning and in intellect, 
but not more in all probability than did the early 
races of men, before they were civilized, from their 
civilized descendants in Europe. Thus we are unable 
in this way to come to any satisfactory conclusion on 
the subject of specific differences amongst the human 
race. It is not necessary for our present purpose 
that we should decide the question. 

The following are the groups or families of men 
generally recognized : — 1. The Caucasian^ or bearded 
type, of which the Europeans of Germany, includ- 
ing Scandinavia, England, and Trance, are the best 
examples. 2. The Mongolic, or beardless type, 
represented by the Central Asiatics and Chinese. 
3. The Negro, or woolly haired type, from tropical 
Africa, especially the Delta of the Niger. The 
American Indians and the Malays are sometimes 
separated from the Mongolic type, and regarded as 
distinct groups. These varieties are on the whole so 
distinct from each other that the first impulse of any- 
one examining extreme cases would be to deny any 
natural specific identity. The differences are partly 
of colour, Avhich are shades of white, yellow, red, and 
black respectively ; partly of hair, either straight, 
silky, and with a wavy curl, straight and lank, or 
curled like wool ; partly of the shape of the cranium, 
or that part of the skull containing the brain. In one 
group the cranium rises straight from the face, or 
nearly so ; in another it goes back moderately ; in the 
third, or negro, it recedes considerably, and in this 
respect approaches the gorilla or monkey tribe. There 
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are also differences in tlie structure of the pelvis and 
other bones, which in all cases depart most from the 
monkey character in those races which have ad- 
vanced most in civilization. 

It would appear either that there are different races 
of men, some naturally more capable of intellectual 
advance than others, or that the varieties have become 
so far fixed in certain localities, owing to peculiarities 
of climate and the conditions of existence, that when 
an attempt is now made to produce a modification, 
the inferior race dies out before the change is effected. 
This at least is the experience of all recent migra- 
tions of civilized races to countries previously 
inhabited by savages. It is quite unnecessary to 
consider here the very difficult and obscure ques- 
tions as to the nature of species, and the extent of 
variety that is equivalent to species, nor is it possible 
in the present state of science to decide positively 
what is the real nature and extent of the difference 
between tho families of men, when or how they began 
to diverge, whether all were derived from one pair, 
or what is the cause of the susceptibility to intellec- 
tual improvement shown by some races, and of the 
apparent want of power to improve under education 
manifested by others. 

It must not be supposed that it is only those races 
with which we are most familiar at present, and who 
inhabit the countries west of the Caucasus, which 
are alone capable of high civilization. The Mongolic 
nations of China and Japan, of parts of Asia Minor, 
and of Central America and Peru, have undoubtedly 
advanced very early and very far in intellectual cul- 
ture. Even the negro races have been among the 
gi*eatest benefactors to mankind, if, as is supposed by 
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some ethnologists, the ancient Egyptians and Copts, 
and the inhabitants of Palestine, the Jews, ancient 
Babylonians and Assyrians, and even the Arabs, are 
to be referred to them. To these races we owe onr 
alphabetic writing, onr numerals, and many other 
ingenious inventions, without which intelligence 
could hardly be communicated. The races called 
Caucasian were certainly among the latest to be civi- 
lized, and we cannot tell how much they owe to those 
whose civilization preceded our own. 

The races called Caucasian have really little or 
nothing to do with the mountain chain of ihe Cau- 
casus, for the inhabitants of these countries are 
Mongol ic, and the races dwelling in the adjacent 
countries were derived from the negro. These races 
include a mixture of the inhabitants of the peninsula 
of India and the valley of the Ganges with those 
of the valley of the Euphrates, combined with the 
Germanic races of northern Europe. They are 
sometimes called Indo-Giermanic instead of Cauca- 
sian. They consist of (1) the Germans of all kinds, 
including the Dutch and the Scandinavians ; (2) the 
Sclavonic races of Russia, Poland, Servia, and 
Illyria ; and (3) the Mediterranean groups of Greece, 
Italy, Spain, Prance, and Wallachia. The Celts, for- 
merly present in a])undance, and overrunning this 
country, have been gradually driven westward, and are 
now few in number. The English, or true Anglo-Saxon 
race, is a mixture of all these. The Caucasian races 
are the least numerous, and occupy far the smallest 
tract of country, but arc the most influential of all. 

The Mongolic tribes may conveniently be subdi- 
vided into the Mongols proper, the Malays, and the 
American tribes. They occupy a very large part of 
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Asia, and originally peopled the whole of the islands 
of the Indian Ocean and the Pacific, and the whole 
continent of Australia. They also inhabited both 
N'orth and South America. A very large number, 
perhaps even a large proportion, of the various races 
have been driven out and destroyed during the last 
four or five centuries by the colonizations of the 
In do- Germanic people ; but they include important 
emigrant races. Several divisions of the Mongols 
have been made out. The first includes two groups : 
(1) The Chinese, Burmese, and others adjacent; (2) 
the Tartars, Turks, Hungarians, and Laplanders. 
These two have many points in common. The second 
division includes the inhabitants of Western Asia 
and the Caucasus. The third division (sometimes 
regarded as a diflerent type) includes the Malays and 
Australians ; the fourth, the inhabitants of northern 
(Arctic) Asia ; the fifth, the Japtanesc ; the sixth 
(also sometimes regarded as a type), the American 
Indians. There are several groups of these latter 
races, some connecting with the northern Europeans 
and Asiatics by the Esquimaux, and some confined 
to Central or South America, 

The Negro type of man also presents several 
groups. The typical, or most characteristic, are the 
lowest in development. They inhabit the low un- 
healthy lands at the mouths of rivers on the west 
coast of Africa. With some variations of character 
and appearance they extend thence into the interior, 
and range both northwards and southwards, thus 
occupying the whole of Africa, and only extending 
beyond that continent when carried as slaves either 
into Arabia or to America. The southern varieties — 
the Kaffirs and Hottentots — are distinct, and equally 
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low in intellect with those on the west coast. The 
eastern tribes north of the equator are much more 
intelligent. They include the Gallas, the Nubians, 
and the Copts. 

The migratory instincts of the mixed races settled 
in Western Europe have been so active within the 
last few centuries, and have been so assisted by me- 
chanical inventions and the progress of trade within 
the present century, that the balance of population 
in some large tracts of the earth has been entirely 
altered. This is especially the case in North and 
South America, the West Indian Islands, and Aus- 
tralia, and New Zealand, and South Africa. Tlie 
native population over vast tracts of the earth is 
already displaced, and has either disappeared or will 
shortly disappear. In tin's way the distribution of 
various races is undergoing great change. It must 
not be supposed, however, that migrations of this 
kind arc new on the earth. Something of the sort 
has happened many times, even in the historic period, 
and doubtless often before. Certain races of men 
])0ssess the migratory instinct almost in the same 
way that certain quadrupeds, birds, and insects mi- 
grate. They multiply, food becomes scarce, and the 
young go away in search of other and generally more 
fertile lands. Other men and animals show no dis- 
position to pass beyond certain narrow limits. Mi- 
grating races, being of necessity energetic, conquer 
tlie races already settled, even when they themselves 
were originally emigrants ; and thus either an influx 
of liarbarism — the introduction of a rude people en- 
dowed with energy — takes the place of a less ener- 
getic race already civilized, or a civilized people 
replaces a community of savages. In the former 
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case, as when the northern tribes entered and con- 
quered Italy, the civilization of the conquered people, 
although checked and even partially lost, produced 
an eflect on the Gothic .and German invaders that 
ultimately resulted in the growth of an equally high, 
though very different civilization, perhaps of a more 
enduring kind. In ihe Latter case, as when the S])a- 
niards invaded South America and the West Indian 
islands, the n.ative tribes were almost extirpated, 
except in a few places, where .a mixed r.ace has estab- 
lished itself. In North America the Anglo-Saxon 
race h.as already .almost annihilated the native Indian 
tribes, and bids fair to occupy the whole country 
from one end to the other. So it is in Austr.ali.a 
with the least intelligent and most hopeless of 
savages, and so it will be in New Zealand with the 
most intelligent of the inhabitants of the Pacific 
islands. It is chiefly in temperate climates that this 
.absolute displacement h.as taken place ; but tropical 
America contains very few of its origin.al inhabitants, 
who have been replaced by a mixed race, if they 
h.ave not been .altogether driven out and iinniliil.ated. 
No attempt has yet been made to colonize India ; 
and there the impress of foreign rule is not likely to 
last much beyond the occupation itself. No Anglo- 
Saxon colonization of Central Africa, or of the 
tropical shores of Africa, can be successful, as tlie 
white children born to Europeans cannot resist the 
climate. 

The civilization of the Chinese and Japanese, and 
of the native inhabitants of Indi.a, is extensive, and 
of veiy long standing, but is less material in its 
direct results than that of the Western people, and 
has long ceased to advance. These people are also 
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less aggressive, and have rarely migrated, in spite 
of increasing population. There are thus different 
kinds of civilization, depending on the peculiarities 
of character of the dillercnt peo})le. 

Man produces great changes on those parts of the 
earth that ho inhabits. Even uncivilized savages 
dwelling on the sea-side have left on the shores of 
Scandinavia and Scotland numerous hills, made up 
of the shells of the shell-fish and crustaceans and 
the bones of the animals they lived upon. With 
these vast piles are found occasionally the weapons 
and fragments of the utensils they employed. When 
men become civilized, and live in towns, they soon 
begin to cut down the timber, which originally 
clothed the great jilains, the valleys, and the hill- 
sides in temjjcrate climates ; and the removal of these 
forests has done much to alter the distribution of 
rain, and in this way has modified the climate. After- 
wards, when civilization advanced farther, and the 
cultivation of the land was seriously undertaken, the 
further result of drainage of the land tends in the 
same direction. The removal of the forests involves 
the disappearance of many animals of all kinds, whose 
natural places of abode are thus entirely lost, and, on 
the other hand, the introduction of animals of other 
kinds capable of being domesticated, and derived 
fi'om distant countries. To replace the forests, trees 
bearing fruits available for food, or useful for other 
qualities, are planted where the soil is not occupied 
by the grasses, roots, and other food-plants yielding 
annual crops. In this way the birds are afiected. Some 
birds and some small quadrupeds ai’o destroyed as 
mischievous, others are introduced because they are 
useful, and others follow inevitablv in the train of 
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civilization, wlietlier useful or miscliievous. Even 
the insects are affected, and the drain on the supply 
of certain animals as articles of food ends by exhaust- 
ing even the vast reproductive power of nature. 
The influence of man thus unconsciously asserted is 
enormous. It acts in directions which he never 
anticipates, and sometimes can hardly follow. It is 
partly direct, but to a very great extent indirect. It 
extends much more widely than is generally sup- 
posed, and it has gone on in most countries much 
longer than we might be inclined to suspect. 

It is quite certain that the permanent climate, the 
temperature, and the various atmospheric conditions 
that conduce to form climate, are very seriously 
modified by the changes that take place when a 
country before uninhabited by man, or inhabited only 
by savages, becomes settled and inhabited by civi- 
lized cultivators of the soil. There ai’e proofs of this 
in eveiy country where civilization has established 
itself. The proofs in Europe are numerous and 
striking. The result is not by any means favourable 
in all cases. The forests removed have perhaps 
served as shelter for a more delicate vegetation, 
which must now fail. Winds have been diverted 
and checked, which, when left to blow freely over the 
land, would dry up and destroy, whether by scorch- 
ing or freezing, the growing crops. The general 
result is that the surface flow of rain, at one time 
greatly interrujjted by small swamps and pools, now 
runs down at once to a main stream or to the sea, so 
that the earth is drier, and more readily feels ihe 
effect of the sun. The swamps are drained, and the 
rivers run with more rapidity, and act more power- 
fully both in carrying down mud and sand to the sea, 
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and in eating out fresh channels. The climate is 
thus rendered more extreme, and in some cases more 
severe. So clearly is this the case that in some 
places replanting has been resorted to with success 
for the purpose of restoring a climate unfavourably 
aflectecl. When once, however, the forests are gone, 
the rainfall diminishes, and thus the springs are 
lowered. The effects extend very far beyond the 
district in Avhich the alteration has been made. By 
confining streams to a narrow bed, and obliging them 
to follow continually the same course, the distribution 
of the solid matter brought down by the stream 
is altered, and thus the mouths of a distant river 
may feel the change produced. By the draining of 
swamps at the mouth of gi^eat streams a largo tract 
of land is taken from the sea and brought under 
cultivation, and thus a muddy expanse is converted 
into a fertile country. 

Other results arc occasionally seen of human oc- 
cupation. I'ire is so constantly used by man in all 
countries that it cannot excite surprise if it should 
occasionally do serious injury to large tracts of 
country. There are cases on record in which many 
thousand square miles of Avoodland have been de- 
stroyed in a very short time by a conflagration. 
These destructive results are indeed of no lasting 
injury, for in a few years the ground is covered with 
a fresh growth ; but the trees thiit grow out of the 
ashes of the old forest are of a difiereiit kind, and 
thus the face of nature is changed. 

Few people are aware of the enoianous amount of 
change that has f)een thus introduced. Probably no 
country in Europe or Asia has now the same climate 
and the same general distribution of plants and 
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animals it would have had if man had not been the 
head of creation, exercising an unconscious as well 
as conscious autliority and influence over all. Not 
powerful as an individual, if mere physical power is 
alone considered, he is comparatively unimportant 
till he begins to exert bis superior intellectual facul- 
ties to bring about his will and intention. When 
this is commenced, he is enabled to take advantage 
of the experience of those who have lived before 
him, and also to induce his fellow-men to work with 
him when he desires to attain a great result. Thus he 
can and docs (1) turn the course of rivers ; (2) drain 
lakes and produce fertile land where there was 
before only swamp ; (Jl) build habitations and con- 
struct walls and buildings which remain unchanged 
for thousands of years; (4) displace and render 
locally extinct a multitude of animals and plants 
which cannot make head against his approach. 

But we must remind the student that all animals 
and plants in their degree care also capable of modi- 
fying the face of nature. None, it is true, do so to 
the extent of civilized man, but this is simply because 
they arc less intelligent and have fewer needs. It is 
a law of nature that a balance should be kept among 
the various forms of lift', animal or vegetable. Each 
not only occupies its own place, but tends to occupy 
more, because the law of increase governs all. More 
seeds fire sown than would replace the number of 
plants or trees of whatever kind that annually die. 
Either the young plant or .animal must drive out and 
weaken other kinds, or they must be destroyed them- 
selves. Familiar as this is, it is not sufficiently 
remembered. A ti'ee falling may alter the direction 
of a stream, or may produce a swamp. Another 
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series of events may convert a swamp into a river- 
bed. A fire accidentally produced may burn a vast 
forest of one kind of trees, and immediately there 
will spring’ up a forest of another kind. A flood 
may destroy many individuals of a certain kind of 
plants and animals, and render the ordinary habita- 
tions of many others unfit for their use. Anotliei* 
tribe steps in, replaces them, and tends to destroy 
them. Tills kind of change goes on everywhei’e 
witliout the interference of man. Man steps in and 
does tlie same thing, perhaps more systematically, 
perhaps on a larger scale, but he must not sujiposc 
that he interferes with the laws of nature ; he merely 
follows them, and produces results exactly corre- 
sponding with his own special nature and organiza- 
tion. The law of nature is to preserve a world full 
of living things adapted to their nutrition and use, 
by taking care that each time there is a blank it 
shall be filled u]>, not necessarily by the young of 
the s.ame, but by whatever is at hand best fitted for 
the purpose. There is no hesitation or delay, no 
waiting while the old form is rej^laccd. Everywhere 
thei-e is something ready, and that something is the 
best and most adapted to the requirement of the 
moment. Even decay is only replacement, and 
death is only a name for another kind of life. 
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OR 
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ACCLIMATIZE. To adapt a plant or animal to a new or changed 
climate, whether by a natural process or artificially. A certain 
amount of time is generally required ; and only certain kinds and 
amounts of cbaiigo seem at present possible. 

AERIAL. (Greek, acr, the air.) Relating to the air. 

AEROLITE. (Greek, tfcr, the air ; lithos, a stone. ) A stone, or fragment of 
solid matter, that has fallen to the earth through the air, coming 
from outside o\ir planet. Such fragments are portions of matter 
revolving in orbits in groups of varitnus dimensions, and fall when 
they are present in a part of the orbit of the group crossing tho 
orbit of the earth. 

AFFINITY, in Natural History. The rolatioushiy* that exists between 
species of the same genus or genera of the same family. Aflinity is 
not necessarily cxhilnted by external resemblance. 

AFFLUENT, (Latin, ad, to; jhtens, llowing.) A tributary stream, or a 
stream flowing towards and ultimately absorbed into another and 
larger stream or river. 

AIGUILLE, f French, a needle.) A pointed mountain peak. 

ALLUVIAL DEPOSITS, AI.LUVIllM. (Latin, all no, to wash.) Tim 
material loft behind by rivers in their ordinary flow. Sne Diluvium. 

ALP, The name given in Switzerland to the high feeding places on the 
lofty mountain chain of that country, thence called the Alps. 

AMORPHOUS. (Greek, a, without; moridie, form.) Not crystaUinc, 
or having no strictly definite natural shape. Rocks are generally 
amorphous, sometimes crystalline. 

ANALOGYL in Natural H istory. Resemblance of form or structure, inde- 
pendent of affinity or true rolationsViip, See Affinity. 

ANEMOMETER. (Greek, anemoK, tho wind ; metroti, measure.’' An in- 
strument for measuring the force and direction of the winds. 

ANEROID. (Greek, a, without ; Pieros, wet.) A barometer without fluid. 

See p. 10. 

ANIMALCULE. A very minute animal. 

ANTARCTIC, (Greek, oxO', opposite, and arctic '' Opposite the Arctic 
or North Pole. See Arctic. 

ANTHROPOLOGY. (Greek, avikropos, man; lopoi, an account.) The 
science of man rcg.arded in his natural history capacity. 

ANTIPODES. (Greek, atdi, opposite ; pons, podos, a foot.) The inhabi- 
tants and places exactly opposite any part of tho earth. Doing a 
globe, those who dwell on opposite sides of the earth have their feet 
towards each other, the world being between. 

AQUATIC, AQUEOUS. (Latin, oz/j/ff, water.) Relating to water. 

ARCHIPELAGO. (Gr., «rc7i<’, chief; pehigoit, the sea.) A considerable 
group of islands. 

ARCTIC. (Greek, airios, a hear.) The stars of the co istollations or 
groups known as the Great and Little Bear, point to th*' North Polo, 
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which is therefore called Arctic. As the North Pole is covered with 
Ice duriug a great part of the year, the term is also used to express 
cold. 

AREA. (Ijatiii. ) An extended sijacc. 

ATM()SrjIEH!<i. (Greek, ainios, vaiwur; aphevra, a globe.) The whole 
body of tlie air or mixed gases surrounding and enclosing the earth. 
The atmosjdiore diminishes rapidly in density or quantity of matter 
in ascending, and at a distance from the earth, estimated at about 
a hundred miles, it ceases to be appreciable in its action on light. 
After that it jiasscs gradually into Ether. 

ATOTjL. (Malay.) A coral island, in which a ring of coral surroimda a 
circular i)()ol or lagoon of salt water. 

ATOM. (Gr., atomou.) An exceedingly minute ])articlc. 

AURORA. vLatin.) Flashes of electric light seen in high northern and 
soul hern latitudes, and proceeding from the magnetic poles of the 
earth. In the northern hemisiihere, the appearance is called Aurora 
Borealis ; in the southern, Aurora Australis. The light is seen occa- 
sionally almost as far iis the equator. 

AVALANCIIlil. (French.) A fall of a large body of snow from the edge 
f)f a la'ccipico or the upper i)art of a valley upon the plains below. 
Partially melted snow, with gravel and stones, sometimes accompany 
the avalanche and form part of it. 

AXIS. (Latin, a pole or axle-tree.) See p. 3. 

BAROMETER. (Greek, 6«ro.'«, weight; mtOwi, measure.) An instrument 
for mcasTiring the pressure or weight of the air. See p. 10. 

BASIN. A word used in iihysical googi\aphy, when speaking of the part 
of a country enclosed in a line within which all the water that falls 
as rain runs into one genciral depression or valley. Thus the basin 
of the Thames is the area wdiieh that river drains. The basin of the 
M editemanciin is the whole area that drains into that inland sea. 
The basin of the Atlantic includes all rivers draining into that 
ocean. 

BATRACHIAN. (Greek, batmehoft, a frog.) Relating to frogs. 

BAY. (Saxon.) A wide recess of a coast line into which the ocean 
enters freely. 

BEAGIl. .'Saxon.) The part of a sea slioro alternately covered with 
water and left dry. 

BIOLGGY. (Greek, biox, life; logos, an account.) The science that treats 
of the'phenomena of life. 

BITUMEN. (Latin.) Mineral pitch, obt.ained in some places in con- 
siderable quantities from natural sources. 

BLU1'’FS. (.\mcrican.) The name given to the high vertical banks of 
certain rivers. 

BORE, The adv.ancing front of a higb-crc.sted wave, derived from the 
tidal wave, running between high banks or cliffs, gradually narrowing, 
and over she »als. It is sometimes 30 feet high, and advances .at the 
r.atc <)f 25 miles an hour. It is sometimes c.alled egrr. 

BOUJ.DER. A naturally rotiuded block of stone on or within the earth, 
but not belonging to the rocks immediately below. Boulders have 
sometimes been transported to countries very distant from the 
7 >arcnt rock. 

BREEZE. A brisk wind, of limited extent and sm.all violence. 

CANON. (Spanish.) I'lie name given in Central America .and Calif omiJi 
to deep n.arrow navines or gorges in table lands of limestone. 

CARDINAL. (Latin, rordo, .a hinge.) A turidng-point or essential thing. 
In geography, the word is used in reference to the four i)oints of the 
compass, as being matters on a right knowledge of which so much 
depends. 

CARNIVORE, or CARNIVOROUS. (Latin, carnls, flesh; voro, to eat.) 
Flesh-eater, or flesh-eating. 

CEPHALOPODA. (Greek, ctfthale, head; pon.?, a foot.) Animals whose 
organs of locomotion (feet) are placed around the head. 
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CIIALYpRA.TE. (Greek, steel.) A term applied to waters con - 

taininf^ a sensible quantity of iron in solution. 

CIIANNEJj. The course of a river, or the part of a stmit through which 
a current flows. 

CHAOS. (Greek, without order.) The condition of nature before order 
waM introduced by tlici subjection of matter to law. Cosmical. 

CITAlvT. (Latin, chartu, papcr.l A map showing the outline of a coast, 
and all the known facts concerning the sea, the openings by W'hich 
the sea enters the land, and those by which rivers enter the sea. 

CLERT. An o])en cut or fracture in a rock, producing in many cases a 
valley. 

CLIMATE, CLIMATOLOGY. (Greek, an included space.) A term 

originally limited to belts or zones on the earth, including all places 
having crjual lengths of day. The modern meaning in physical 
geography will be found explained in p. 108. Climatology moans an 
account of cliiuatcs. 

CONh’LUENT. (Latin, cou, with ; ./Tmo, to flow.) A tributary stream to 
a larger river. 

CONIFEll.®. (Latin, conus, a cone ;/<?ro, I boar.l An important natural 
family of plants whoso fruit has a conical form. Such are the firs, 
pines, yews, <fec. 

CONTINENTAL IHLANDS. Islands situated near a continent, and not 
so]>arated by deep channels of blue water. The British islands are 
of this kind. 

CON’rOUR. (Froiicb.) The shape of the land, or that part of the earth 
situated above the level of the sea. Lines parallel to the sea-lines 
round a coast, and at a liigher level, are called contour linos ; and in 
some maps these are marked to show elevation above the sea. 

CORDILLERA. (Spanish.) A name applied to the important mountain 
ranges in South America and elsewhere. 

COSMIC AL. (Greek, cosmos, order, method, and thence the world or 
the ordering of nature.) Relating to the great laws that govern 
nat\irc. Many large and complicated phenomena are called cosniical, 
to express their harmony with the general plan of the universe. 
Cosmos is used iii contradistinction to (hiAOS. 

CR ANNOGES. The Irish name of the remains of Lake Dwellings, which 
sec. 

CRATER. (Latin, a cup.) The cuj)-likc summit of a volcano. 

CRUST of the earth, or EARTH’S CRUST. TTiat part of the earth open 
to obsorv.ation. It include.s not only the depth reached by mining 
operations and wells, but the total thickness of strata shown in 
consequence of their liaving been pitched np at a high angle. 

CRYSTAL, CRYSTALLIZATION. (Greek.) A crystal is the regular solid 
form in which substances tend to arrange themselves when at liberty 
to do so without interruption. Thus salt crystallizes when obtained 
from water in which it has boon dissolved. Crystallization is the act 
of being coTi verted into a crystal. 

CULMINATING BOINT. (Latin, culmen, the top.) The highest point 
of a mountain range. 

CURRENT, marine. A portion of the water of the sea in which there is 
a perpetual onward motion of the water at a certain rate per hour, 
quite independent of the accidental and occasional movements of 
the whole body of the water or of any part. There are many such 
currents in the ocean, some carrying wanner and some cooler water 
than the sea adjoining. They are of limited depth. The Gulf stream 
is a familiar example. 

CYCIjONE. (Greek, cyclos, a circle.) A name given to a peculiar class 
of storms known in the West Indies as hurricanes or tornadues, in the 
China seas as typhoons, and by other names elsewhere. The storms 
thus named travel along a certain course, and twist round rapidly as 
they advance. The centre of tlio storra travels in a straig-ht or curved 
lino, but every other part of the storm has a corkscrew motion. 
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DEFILE. (French, deMer.) A narrow pasa between natural obetaclea. 

DEGRADATION. (Latin, de, from or down, and gradits, a step : removing 
by degrees. ) A word used technically in physical geography to signify 
the gradual wearing away of land by the action of water. 

DELTA. (The Greek letter A, pronounced The triangular tract 

of flat land deposited at the mouth of certain large rivers, where the 
fresh water, carrying down mud and stones, comes in contact with, 
and is checked in its rate of motion by, the salt water, whence the 
deposit. 

DENUDATION. (Latin, de, from ; nudue, naked.) Laying bare or wearing 
away by the action of water. 

DEPOSIT. (Latin, de ; and positui, placed.) In physical geography and 
geology, the matter thrown down or left behind by water, after being 
carried alon^ some distance, is called a deposit. 

DESERT. (Latm, deter tue, uninhabited.) A waste place. In geography, 
it is^ especially ajjplied to large tracts of sand or shingle within a 
continent or large island, uncultivable, and therefore uninhabited. 
Dc.serts are generally without water. 

DESICCATION. (Latin, de ; and siccui, dry.) The art of drying up by 
evaporation. 

DETRITUS. (Ijatin, de ; and tritua, rubbed.) The material rubbed or 
worn away by the action of water, and left behind, after being con- 
veyed some distance. 

DIATHERMIC. (Greek, dia, through; thermc, heat.) Permitting heat 
to pass through. The term, as applied to heat, corresponds with 
transparent as applied to light. Thus rock-salt and ice are both trans- 
parent ; but while rock-salt is diathermic os well as transparent, 
allowing heat as well as light to pass freely, ice, however transparent, 
allows hardly any heat to pass through, and is not diathermic. 

DICOTYLEDON. (Greek, dia, double; cotyledon, a seed-leaf.) Plants 
having seeds which, when they be^i to grow, split into two, the 
young plant rising from between the two parts or lobes, are called 
dicotyledonous. Such plants increase during life by additions to the 
outside, and the veins of their leaves are not parallel like those of 
gra.sse.s. Our common forest trees are of this kind. They are also 
called Exogenh, which tee. 

DILUVIUM. (Latin, an inundation or rush of water.) Tho deposit left 
behind by occasional floods of water, as distinguished from alluvium 
(which see), which is deposited from the ordinary flow of water. 

DISINTEGRATION. (Latin, dia, asunder; integer, whole.) The breaking 
up of solid rock, generally by the action of water and frost, assisted 
by chemical means. 

DOWNS. Rounded hills, generally of chalk. The derivation of the word 
is from dvne, a hill ; but that term is now limited to sandhills. 

DRAINAGE AREA. A district including all the tributaries and feeders 
of a river from its sources to its outlet, and all the land from whose 
surface water runs towards any of these streams. 

DRIFT, (That which is driven or forced along.) In physical geography, 
the word is used with reference to water, and also to sand forced on 
by winds. In the case of water, a current ia produced, thence called 
a drift-current. When sand is drifted, it sometimes masks the face of 
the country . In geology, it has a more extended meaning. 

DUNES. Hills of blown sand by tbe sea-side. 

EARTHQUAKE. A quaking or vibrating motion of the earth, fre- 
quently producing cracks in the ground, besides destroying the 
houses and other constructions built on the surface. See p. 113. 

ECLIPTIC. The orbit of the earth round the sun. 

ENDOGEN. (Greek, endon, within; ginomai, to be formed.) Formed 
or growing from within. The name of a division of plants^ including 
grasses and palms, where growth is by additions to the inside, not by 
exterpal layers. See Exogen, Dicotyledon, and Monoootylbdon. 

equator, EQUATORIAL. (Latin, aquatna, made equal.) Tho earth 
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being represented by a sphere or ball revolving like a top set going 
on a table, the equator is the part that represents the middle of the 
top, the upper and lower parts being the poles. The equator is a 
circle on the earth, every part of which is at the same distance from 
both poles. At the equator, the days and nights are of equal length 
all the year round. p. 4. 

EQUINOX. Equinoctial. (Latin, agwi/jt, equal ; nojr, night.) The times 
of the year when the days and nights are of equal lenglh. There are 
two such periods in the year : one in the spring is called the vernal 
equinox (Tjatin, ver, spring) ; the other in the autumn, called thence 
autumnal equinox. 

EROSION. (Latin, erodo, to gnaw.) The .act of eating out or eroding an 
performed by rivers on their valleys, or in forming and deepening 
the ravines through which they pass. 

ERUPTION. (Latin, e, out of ; ruplus, burst forth.) The bursting forth 
of steam, gas, and other matter from the earth when a volcano comes 
into active operation. See p. 11 9. 

EBCAR. A name given in Ireland to long fiat-topped hills found in some 
of the river valleys. See Osar. 

ESCARPMENT. (French, escarper, to cut steeply.) A steep face ter- 
minating high lands abruptly. 

ESTUARY. (Latin, a'nluit, the tide.) An inlet up which the tide flows 
and through which a river runs. 

ETESIAN. (Greek, etexios, annu.al.) A name given to cort.ain periodical 
northerly winds blowing in the Mediterranean during spring. 

ETII ER. (Greek.) The name given to an extremely diffused gas, believed 
to extend between the different jdanel a .and i>lanetary sy st ems tl ii-ough- 
out the universe, it is so exceedingly thin— in other words, the 
atoms of which it is composed arc so distant — that it docs nut retard 
the motions of the heavenly bodies in any calculable degree, but it is 
the medium through which light and heat arc transmitted, and per- 
haps, also, the force of gravitation. 

ETHNOGRAPHY, ETHNOLiYGY. (Greek, arace of men ; ffraplie, 
or 1 0 (/ns, .an account.) The dcp.artmeut of natural history which applies 
to the physical history of the human race. 

EVAPORATION. (Ijatin, tray^oro, to send off in vapour.) The rcmov.al 
of w.ater by the absorbent .action of the atmosphere. 

EXOGEN. (Greek, exo, without; ginouiai, to be formed. 1 Plants grow- 
ing by additions from without are thus called by Botanists. They 
are also called DiooTVLF.ruws, which su\ 

EXOTIC. (Latin, foreign.) Brought from abroad. A plant or 

animal removed from a distant country. 

FACIES. (Ij.atiu, the face.) The general and characteristic ai)pcarance 
of the plants and animals of a district. 

FATA MORGANA. (Italian, the fairy Morgana.) A peculiar atmo- 
si)hcrical effect seen occasionally in the Straits of Messina. See 
Mill Aim. 

FAUNA. (Latin.) The whole group of animals naturally living within 
a natural history prtjvmcc. 

FERRUGINOUS. (Latin, /erntw, iron.) Containing iron. Looking rusty. 

PM ORB. (Norwegian.) A long narrow inlet from a great ocean with nearly 
vertical w.alls. Many of the so-e:Uled loeh-s of Scotland are fjords. 

FLORA. (Latin.) Tbe whole of the plants naturally growing within a 
district or natural history province. 

FLUVIATILE. (L.atiu,rt arias, a river.) That wdiich belongs to a river. 

FLU VIO-M ARl N E. (Latin, jluri a.'?, a i iver ; mare, the sea. ) That which 
is formed under the joint action of river and sea. 

FOHN. (German.) A warm local wiml coming from the south, and occa- 
sionally blowing over the south of France, the Alps, and Switzerland. 
It blows at all scasous, though chietly in summer. Its effect is often 
seen in reducing the snow and causing glaciers to retreat up the val- 
ley, and it resembles the scirocco of Italy. 
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FORMATION. A term u?ed in geology to wignify a complete group of 
bods or strata. 

FOSSII j. (Latin, fossilix, that which may be dug up.) This word, origi- 
nally applied to all minerals taken out of the earth, has long been 
confined to those which have once belonged to a plant or animal. 

FULGURITE. (I^atin, lightning.) A tube formed by the melt- 
ing and subsequent cooling of sand through which a flash of light- 
ning has passed on its way from the clouds to moist earth. 

FUMAROLE. (Italian, /a to smoke ) A smoking crevice or crack 
in vcdcanic rocks, generally consisting of vapour of water, sulphurous 
acid gas, and carbonic acid gas. 

GALVANISM, GALVANIC. A form of electricity first made kiKAvn by 
Galvani, an Italian physician. 

GEY SIRS. (Icelandic.) Jets of hot water i.ssuing from the earth near 
the great volcano of Hccla, in Iceland. Ser p. 120. 

GHAUTS. A local name for the coast ranges < if mountain land on the 
eastern and western sides of the Indian peninsula. 

GIjACIER. (French.) Frozen snow overpassing the snow line, and 
stretching down into a valley, imshcd forward by the weight of the 
constantly added snow, and only terminating at the point where the 
melting during summer equals the whole advance of the year, 
p. 107. 

GLAGlERE. (French.) A kind of glacier or ice-mass formed in some 
sheltered ifiaoe during winter, and remaining there during summer, 
owing to the absence of sun and the bad condxictors of heat, with 
which it is surrounded. It is a kind of natural ice-house, generally 
a cavern, and always at a high level, though not near the snow line. 

GOHGF. A n.aiTow valley or ravine among mountains. 

G Il.A V’^E 1 j. A term used to dcscrihe a mixture of moderate-sized rounded 
l>ebbles of hard r(>ck and qu.artz sand, often coloured pink by iron, 
and gcneiMlly belonging to the glacial period. This kind of gravel is 
chiefly common in Engl.and. 

GRIT. A coarsc-'frained sandstone. 

GROUND-SWELL. The name given to long dec]) waves rolling in 
towards a .shelving .shore, after severe weather in the o])cn ocean. 
'Jhey .arc often voiy destructive, owing to the largeness of each wave. 

GULF. ( French.) A recess of the occ.-m nearly closed by a promontory. 

lIAJill’AT. (Latin, it inhabits.) The country or district\vhich a specie.s 
or group of species nattirally inhabit. From their natural habitat 
t hey sometimes mignitc, and it is useful to distinguish the migrated 
from the indigenous tribes. 

IIAU.MATTAN. A cold dry wind blowing in Scncg.ambia and Gambia, 
on the coast of Africa. It is intensely dry. 

HERBIVOROUS. (L.atiii, grass ; roj’o, to cat.) Feeding on grass 
or vegetable food. 

HORIZON. (Greek, horho, to bound.) The line that terminates the 
view of •aiij’’ person .stationed on the earth’s surface i.s called his 
sensible horizon. The sun and other heavenly bodies arc only .seen 
when above it. A person .situated .at a great distance, looking ui)on 
the earth, would sec exactly half the e.arth, and the line round the 
earth’s centre th.at would be tlius seen is called the true hoiizon, 

HORN ITO'S. (Sp.anish, little ovens.) The Spanish nuiie for low hillocks 
in volcanic districts, from which issue hot vapours, and sometimes 
hot mud. 

HORSE LATITUDES. A region of ealm.s and uncertain winds in the 
Atlantic, extending beyond the limits of the trade winds. It is so 
called from the number of honscs lost on bo.ard sailing vessels cndc.a- 
vouriiig to transport them from Eun)pc to Amcric.a, and det.ained in 
these latitudes. 

HUMM< )CK. A sailor’s term for blocks of icc forming irregular mounds 
and an uneven surf.acc oti a field of ico. 

IIURHlCxVNE. -S’cc L'ycloni:. 
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HYDROGEN. (Greek, hifdor, water ffinomai, to produce.) A gas, one 
of the compijiienl, parts of water. 

HYDROGRAPHY. (Greek, hydor, water; fjropho, to write.) Tlio 
department of phj^sic^*! geography which relates to the sea, rivers, 
and lakes. 

HYDROLOGY. (Greek, hydor, water; loyos, an .account.) The depart- 
ment of physical science which treats of w.ater generally. 

HYETOG RATH Y. (Greek, hyc/on, r.ain ; rira^dio, to write.) The depart- 
ment of physical geography which relates to all the i)henoinoiia of 
rain. 

HYGRO .METER. (Greek, //yr/mt, wet; >arO-o)?., a measure.) An instru- 
ment to measure the degree of moisture of the .atmo.sphcre. An in- 
strument that, dctcianinca the fact that the .air contains moisture 
without nna.'^uring it accurately, is sometimes called a hygroscope. 
(Grnck, Jryffrox, wet; srojno, to perceive.) 

ICEBERG. (GcmiaT), hery, .a hill.) A m.as.s of ice .and gravel or stones 
tloating in the sc.a high out of the w.iter.s. Such m.asses have been 
sej>arated from large glaciers entcriiig the Polar seas. Tlie m.ass of 
ice under the surf.ace is nearly ten times greater than that whii*h i.s 
above the water line. 

ICM FLOE. .V mass of ice formed in the Polar sc.as, and drifted into 
warmer latitndes by marine cxiiTcnts. Ice floes contain no trans- 
ported earth or stones. 

IGNEOUS. (Latin, fire.) Produced by the .action of he.at. 

IMPEH.M E.\ BIjF. (Lfitin, ///>, not; through; nuv, to i^ass.) Not 
admitting the pas.sage of w.ater. 

lNl)IGLN<)i;s. (l.;itin, in dlomo, a iv.xtivo.) Natur.al to the countiy, or 
pn)(lnce<l in it. 

JN(.)RG.\NI(1 ( liatin, <a, not; or.wno/?, a ineuiher.) Not i>roduccdl)y 

llie .action of life. 

INOSCIJ LA'I’I NG RIVERS. (Latin, inoM'nIo, to \mite.) In certain 
great stro.atns, the tributaries .at .some part of their course connect 
together by natural canals. This \iniou is called liKiartilaf ion. 

INTERM I'rTFNT, A name applied to ccrt.iin s]>rings of w’.ater which 
do not run const.antly, or in which the How varies considerably in 
amount frotii time to time. 

IXTFItTRGI’K 'A L. Situated between the Tropics. 

INVFRTUBR.A'J'A. (I/itin, in, not; vrrtthyv m, t lie back -bone.) Ani- 
mals not having .i vci'tcbral column or back bone. 

iSGCH F.IM.Mj, or ISOGITEIMENA L IdNES. 'Greek, equal; chv.iinn, 
winter.) lanes drawn on .a globe or mai> of the \vc)r]d to connect 
places tli.it have the .same aver.agc winter temperature. 

ISUTMFRAL Ll.NES. i Greek, ls-o.s-, equal ; //a m-?, summer.) I.ines drawm 
on ,a globe or m.ap of the world to connect ]>iaees tliat h.avo the same 
average summer tem]»erature. 

iSn'l’lI FRiM .\ L LINES. Greek, Is'o.s, equal ; //cn/ic, hc.it.) Linos drawn 
on a globe or map of the world to connect those itl.iees on the earth 
that have the .same average annual temi>eraturi‘, or on which the 
s.ame (piantily of heat is annu.illy received from the sun. 

ISTHMUS. A narrow neck of land eonnccting a ciJiitinent or large 
island with .sumo projecting headlaiul. 

KAIM, or RAM F, The Seotti.sh name for flat-topped gravel hills, e.alled 
oanr in Sweden, and ei^rora in Ireland. 

KAROO. A local name for certain ehiyey flat plains in South Africa, 
.some low, some elevated, barren during p.irt of the year, but covered 
with veget.atioii after rain. 

Ki'I'(jlIFN-Mll>DFNS. (Danish Kjulk'fn-miiddiny.) ITea]is of sholLs, 
bones, and other waste from old habitations where dwelt the ancient 
tribc.s who inhabited parks of Northern Europe before the historic 
])eriod. 

KNOI’S, in mount. ain ch.ains. Portions of a chain where several .spurs or 
branche.s of the principjil chain unite and form a small plateau or 
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elevated plain, Boiiietimes many thousand feet above the sea. The 
Andes are remarkable for these knots. 

LAGOON, A pool or lake of shallow water, generally salt. 

LAKK-DWELLINGH. The remains of villages built on lakes In 8wit- 
zerlaiid, Ireland, and elsewhere, during the pre-historic period in 
Europe. 

LAND BliEEZE. p- 97. 

LAND-J.DCKED. Portions of the ocean pai-tially enclosed by chains of 
islands, are said to be land-locked. 

LANDES. (French.) Extensive ti-acts of sand stretching between the 
Garonne and the Pyrenees, on the sIku'om of the Bay of Biscay. They 
are now planted with the sea-pine and other i»ines. 

LANDSLIP. A portion of a hill or mountain that has slid down into 
lower grounci, owing generally to the infiltration of rain and the 
action of frost. Landslips are occasionally prt)duccd or assisted by 
earthquake shocks. 

LATITUDE. (Lai in, breadth.) p. 17. 

JjEEWAUD. a nautical ten:n, occasionally u.sed in f^cofp-iiphy, and 
metuiing that side of a ship or coast f.icing the direction of the yrro- 
valont wind. A coast-line that is exjro.sed to prevalent winds is 
called a lee-shore. Thu.s, in the West indies, the group of islands 
from Dominica to the Virgin Islands arc called “the Leeward 
Islands," as facing the north-east, the iroint from which the trade 
wind blows. 

LICK. An American term for the ground .saturated with brine in the 
ncighbourliood of .saline .springs. The cattle and vvdld animals 
frequent these swamps to lick the s.alt incrusted on the land and 
]ilants. 

LITToBAL. (Latin, UHnn, the shore.) Belonging to the shore. 

LLANOS. (Siumisli, plains.) Extensive plains in South America, partly 
covered with forest trees, and watered by the river Amazon. One 
portion i.s troeles.s. others are ban’on, and some are grassy. 

LOAM. A soil consi. sting of an admi.xtnre of clay, sand, and vegct.ablc 
mould. Jjoams vary :u;c,ording to the preponderance of one member. 

LOGAN STONE. Tbe name given in Cornwall to a stone naturally so 
nicely balanced on three points th«t it cjin be e.asily moved, though 
not dis])lace<l witlnnit extreme difficulty. 

LONGITUDE. (L.atin, foMo// ado, length.) AVep. 17. 

LUNAH. (L.atin, Of nu, the moon.) Kclating to the moon. 

MAGNETIC EOUATOB and POLES. A magnetic current eircailatcs 
round the earth continually, hnt the m.agnet ic poles, or extremities 
of the axis round wldeh it circulates, do not eon’e.spond witli the 
poles of the axis of rotation of the c.arth 'callefl the north and south 
poles), and therefore, also, the magnetic eqiiator does not correspond 
with the e.arth’s C(jualur. 'I’fioi'c .are two magnetic. i)olcs, or rather 
a space near each pole of the earth where the conii)ass needle dips 
down towai-ds the eaiih’s centre. There is also a line round the 
cartli wlicre the needle does not dip or incline downwards at all. 
is the magnetic equ.al<)r. 

MAGNETIC STOKM. A stonn during which there Is an interruption of 
the currents of earth-magnetism, that pass continually from pole 
to pole. Such sturm.s arc often coincident with great wind storm.s, 
aiul also with changes that take jdaco in the body of the sun. 

MAMMALIA. (Latin, hiannun^ a teat.) Animals that suckle their young. 

MARL. A soil in which claj’^ is sufficiently mixed with lime to render 
it friable. 

MARSUPIAL, (J Aitin, mrirsvphtw, a pouch.) A gi’oup of qmvlnipeds, 
distinguished from all others by the ])oHHeHsion of a loose pouch 
ill the female, intended to receive and carry the young for some 
time after birth. The native Australian quadrupeds are inarsupial. 

MERIDIAN. (Latin, meridifx, noon.) An imaginary line drawn through 
any place on the earth, connecting it with the two poles, is said to 
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be its meridian. When the sun crosses this imaginary line eaeh day 
it is noon. 

METEORITES. (Greek, ^iieteoros, floating in the air.) Stones or masses 
of metal falling through the atmosphere to the earth, and apparently 
derived from fragmentary bodies in space coming within the earth’s 
atmosphere. 

MIGRATE, (batin, miftro.) To remove from one place to another. 
Animals who remove periodically from one country to another are 
called migratory. 

MIRAGE. A singular cflFect of the refracting or bending of the rays 
of light that sometimes t:ike8 place when the air is greatly and 
irregularly heated. Objects at a distance aro distorted, and jwols 
of water are apparently seen on a desert of sand where no water 
exists. 

MISTRAL. A cold north-cast wind, affecting chiefly the valley of the 
Rhone, and the parts of France and Italy adjacent, and greatly 
iTifluencing the climate of those countries. 

MONOCOTYLEDON. (Greek, one ; seed-leaf.) Plants 

whoso seeds do not split when the plant begins to grow. Such 
plants increase from withm, and their leaves have parallel veins. 
They form a great natural group, of which palms and grasses are 
examples, and which are called cither monocotyledons or endogem. 

MONSOONS. Periodical winds blowing in the Indian Ocean and Aus- 
tralian and China seas, representing the trade winds of the Atlantic. 
Similar winds blow on the coast of Mexico. The monsoons blow on 
the north of the equator, from the north-east, from October to March 
(winter), and from the south-west from April to September (summer). 
In the southern hemisphere, they blow from tho south-east from 
April to Heptemher (winter), and from tho north-west from October 
to March (summer). 

MORAINE. (French.) The .stream of gravel and stones found on a 
glacier. These stones are derived from tho weathering of the rocks 
above. They aro distributed through the nuiss of the glacier, and 
are always visible owing to the gradtial melting and disappearance of 
the snow and ice that form the glacier. 

MOYA. (Si)anisli.) A name given to the black sulphurous mud dis- 
charged from mud volcanoes. 

NADIR. (Arabic, down.) The point in the heavens directly below our 
feet, in opposition to the Zenith directly over head. 

NEAP TIDES. AV’(j Turns. 

NfeVE. The name given in Switzerland to the unfrozen snow in the 
upper i)art of a glacier. The nM is the feeder of the glacier. 

NITROGEN. (Greek, nitron, nitre; ginomni, to produce.) The name of 
a very imx>ortant gas forming four-fifths of the atmosphere. The 
varitms compounds called nitric and nitrous acids, and nitrates of 
v.irious kinds, arc hence derived. 

NOD U LE. A rounded or almond-shaped portion in the interior of a rock 
X)rodnced after the mass of tho rock had been formed. 

NOMADIC. (Greek, nomos, pasturing.) A name given to pastoral 
tribes, because, from the necessity of finding food for their flocks, 
they arc constantly wandering. The term nomadic, therefore, is 
used in contradistinction ti> settled. 

NORMAL, (Lai n, vormalis, according to rule.) The normal state is 
the original condition of any individual or natural group that has 
undergone change or domestication. 

NUCLEUS. (Latin.) A central atom or substance round which other 
atoms of the s.amc su>>stauce collect. 

NULLAH. A Hindf )0 tenn for watercourses in table lands. Such 
watercourses aro usually in ravines, dry, or nearly so, a groat part 
of the year, but occasionally they carry down torrents. Tho Arabic 
term Wadi has the same meaning. 

OASIS. A small cultivated spot in a desert* The cause of an oasis is 
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tjoncnilly the presence of a spritifi:. Oases gcnci-ally contain a few 
palm-trees and some other vegetation. 

OAZE, or OOZE. The soft slimy tenacious mud, almost entirely of 
organic origin, found at the bottom of deep water in the open 
ocean. 

OBLATE. Flattened at the poles. Tho figure of the earth is generally 
described tis an oblate spheroid, a l»ody nearly a sphere, but having 
a greater diameter at the equator than at the poles. 

ORBIT. (Latin, nrOi^, a circuit.) The course or i)ath of a body revolving 
round another. 

ORGANIC BEINGS. Plants or animals, these being living things that 
posse.ss what is called “organization.” 

ORGANIC REMAINS. Tho remains (showing the structure) of any 
I)lant or animal found fo.ssil. 

ORflGRAPHY. (Greek, oro.% a mountain; grnphr, an account.) The 
dej^artment of physical gcograi)by that treats of mountains and 
Tn< >un tain tiystcins. 

OS, plural, OSAR. (Swedish.) Long low il.at-topped hills of gi’avcl, 
very common in Sweden, and found also in the British islands. 
They are results of ice action. They generally consist of stones and 
sand, and one side (that towards the north) is a gentle slope, tlio 
oilier more or less scarjicd. 'J'hey arc called Kuima in Scotland, and 
llsairs ill Ireland. 

OXYGEN. (Greek, o.r//.'?, sharp, or acid; g'n^omai, to produce.) Tho 
name of the substance most widely extended and most essential on 
tho earth. The name is derived from the fact that almost all acids 
cctntain this gas as an essential ingredient. 

PACK-ICE. Ice formed in tho Pol.ar se;is by the freezing of salt water. 
8uch ice is sometimes drifted into w.arm latitudes by marine currents. 

PAMPAS. Vast trooless plains in South America, partly pastoral, yjartly 
agricultural. Millions of horses and c.attle arc fed on those plains. 
The northern part is crossed by rivers, but there are none in the 
south. There .are many shallow pools of salt water on those plains. 

PAMEEKO. (Portuguese.) A storm wind of the n.ature of the cyclone 
occasionally blowing acr'oss the Pimp.as of Br.azll, whence its name. 

PELAGIC ISIjANDS. (Gr. the sea.) Jshinds in an open ocean. 
The South Sea Islands are of this kind. 

PENINSULA, (Latin, 'pfni\ ulmo.st; ruxala^ an island.) A considerable 
tract of land jirojccting from a large island or continent,. 

PEPERINO. (Italian.) A kind of natural cement of volcanic ash, sand, 
and cinder. 

PERMEABIjE, (L.atin, >>r’r, through ; wpo, to pass.) Allowing water to 
pass through. 

PETROLEUM. Mincnal oil resembling naphtha, found sometimes in 
very large quant ities in the c.artli, and much used for burning. 

PHENOMENON; I’lur.al, Phenomena. \Grcek.) A natural .appearance . 
A natural fact observed .and studied. Thus the rainbow is a 
phenomenon. Rain itself is a phenomenon. The lising and setting 
of the sun, eclipses, A^c., arc astronomical phenomena. 

PHYSIOS, (Greek, phi/si/f, nature.) The science which considers .and 
exyihains natural pheninneua. The term is used in reference only to 
those phenomena which do not involve life, Tho yihenomona of life 
are treated separately, and are considered to belongto natural history. 

PLATEAU ; Plural, Plate.aux. A high talde land. .S>(. Taiilu IjANd, 

PLUVIOMETER. (Latin, rain ; metron, amc.asure.) 

POLES of the earth. The extremities of the inuaginary axis on wdiich 
the earth revolves. St'r j). 

PORTAGE. (I'Yonch.) Tlie distance between the extreme ends of tho 
navigable waters of two w.ater.sbcd.s, or between the uyiper termina- 
tion of two navigable streams of tho same waterslied. Sometimes 
the name is given to the interval between two navigable parts of a 
stream separated by w.aterfalls or rapids. 
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PRAIRIE. (Arncriciin.) Very extensive tr.'icts of rolling? or hilly ground 
in North America, for the most part grassy and easily cultivable. 
Sffi p. 48. 

PUMICE. (Italian.) A peculiarly light stone, very spongy in texture, 
and consisting of lava so porous as to float on water. It is a volcanic 
product. 

QUAD RUM ANA. (Latin, (^urrYaor, four ; a hand.) Four-handed 

animals. The monkey tribe. 

QUADRUPFiD. (Latin, qiiatuor, four; a foot.) Four-footed animals. 

RADIATION. The ])aKSagc of particles of matter or forms of force, such 
as light or heat, from a body when the passage takes place in every 
direction at once. Thus a star radiates light, and a red hot cinder 
rafliates heat. 

RAPI DS. Portions of a river course where, in consequence of a sudden 
descent of the bod of the river, the w.atcr acquires a greatly increased 
velocity. The bed, under these circumstances, is generally covered 
by rocks, which break the water into foam, and render navigation 
diflficult or impossible. 

RAVINE. A narrow mountain valley. 

REEF. A ridge or ledge of submarine rock rising nearly to the water's 
edge. 

REPRESENTATIVE SPECIES. Species of plants or animals in distant 
countries having similar climates which perform the same or a corre- 
sponding part in nature. Thus the puma t)f South America represents 
the lion of the Old World, .and the llama the camel. 

RIVER RASIN and RIVER SYSTEM. The whole extent of country that 
supplies the water running into the sea by a single river and its 
tributaries. 

ROCHES MOUTONNES. (French.) Rocks rounded and smoothed by 
the passage of icc over llicm. 

ROCK-liASINS. Rasin-sliapcd cavities in granite and other hard rocks, 
apparently produced by the actioTj of rain and frost. 

ROCKING STONES. See Logan Stonks. 

SALSES. (Italian.) Eruptions of hot mud, generally acid and saline, 
occasionally or continually issuing in certain districts at present, or 
fontjcrly, volcanic. Inflammable gasc.s occasionally accornpjuiy the 
eruption. They are also called mud volcanoes. 

SAND-DRIFT. See Dunks. 

SAVANNAH. Plains on the banks of the Mississippi covered at one 
time with long gra.ss and a few trees, but now largely culliv.ated. 

SCAR. (Saxon.) A stcej) or precipitous rock. Used in Yorktjliiro and 
Westmoreland with reference chiefly to the litnc.stones. 

SCARPED, Presenting a fetec]) face. Sec K.srATiPMF.NT. 

SCHIST. A rock that sidits readily but not regularly. Slates split with 
regularity, and are pure, or nearly pure, clay. Schists contain more 
sand and grit. 

SCIROCCO. (Italian.) A hot south wind blowing over many part.s of 
Europe. It is believed to proceed from the great desert "of Africa, 
and cross first the Atlas mountains and tben the Mediterranean sea. 
It has a peculiar effect on the human frame. 

BCORl/E. (Latin, ashes.) The name given to the fragments of cellular 
lava forming at tlie ti)p of a cooling mass proceeding from a vol(;ai)(). 

SE-\ JUIEEZE. A cuTrent of .air setting in from the sea towards the 
land in troiacal coasts. See p. 1)7. 

SEISMOLOGY. (Greek, selHmoK, a shock; logos, a discourse.' The 
science of c.arlhqnakc phenomena. Seisinonuter is an in.strument to 
Tucasuro oartlapiako shocks. 

SHALE. A variety (jf .slate that consists of nearly pure clay, but which 
splits im])crfcctly. 

SHINGLE. Rounded stones forming the gi-avcl on the sea shore. 

SHOAL. Shallow. The sea bottom rising nearly to tbc water level. 

SIERRA. (Spanish.) A ridge ; the name given to a short mountain r mgc. 
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BILT. Tho fnie Impalpuble mud deposited from water after the heavier 
sands and gravels have hccii left behind. Harbours are sometimes 
said to be silted up, or choked, by the accumulation of silt. 

SILVAiS. (I’ortuguese. ) Wooded plains, forming a part of the Llanos, or 
great plains of the Amazon in Boutli America. The forest comes to 
the water’s edge, and tlie country is covered with tlie richest vege- 
tation and crowded with animal life, but jdmost without human 
inhabitants. 

SIMOOM. {Sometimes called SamieL) The name of the hot storm wind 
from the desert that crosses Arabia. 

BINl’ER. (German, siutern, to drop.) Compact incrustations, produced 
where water containing silica or carbonate of lime in solution has 
been allowed to evaporate slowly. 

SLATE. A peculiar variety of clay rock, Bjilitting into very thin and 
hard sheets or films. 

SNOW IJNE (sometimes called “limit of perpetual snow”). (ITbe limit of 
height at which snow is pcimanent throughout the year. Altliough 
in all cases, except in the tropics, the aciu.al height varies from summer 
to winter, the moan or average height remains very nearly the same. 
It varies with latitude, the height being generally greatest at tlie 
equator and disappearing in the arctic circ.lc ; but there are some 
remarkable exceptions, especially in the Ifhn.alaya mountains. 

SOLANO. (Spanish.) A hot houth-west wind blowing from the desert 
across parts of Spain. It is a Tuodified scirocco. 

SOLFATAIIA. (Italian.) A crack in the earth whence x^roccods occa- 
sio7ially or constantly a quantity of vaxiour of w^ater, w'itli which is 
mixed much carbonic acid gas and some sul])hurous acid. Bulj)hur 
is sometimes deposited at the orifice whence the vapo\irs issues. The 
smell of sulphur is very powerful. 

SPECIFIC CENTRES. The x-sarts of tho c.arth from which, n.coording 
to some naturalists, in*X)ortant sjsecics, or groiqss of species, took 
their origin, and whence they sysread in every direction. 

SPHERE, SPHEROID. (Greek.) The shaje of a }>a]l. A sjaicrc is a 
solid whoso sxirface is everywhere at the same distance from the 
central x>oint. A sx»heroid is a solid not accurately sphcriiial, hut 
ax>proachiiig and resembling a sphere. 'J'he earth is said to be an 
oblate s])bcroid, or a sphere flattened at two ox)positc i^oints. It 
resembles in this respect an orange. 

SPOON-DRIFT. A shower of broken salt w’atcr, derived from the 
crests of waves during violent storms at sea. The sfn-.ay is carried 
up into and through the air with great rapidity, and at an extremely 
rapid rate. 

SPRING TIDES. See Tide. 

STALACTITE. (Latin.) Stone formed in a cavern or cavity by the 
dripping of writer from the roof, the water containing some mineral, 
as limestone or flint in .solution, and the evaporation of jiart of tho 
water taking place before Die drop ha.s fallen. In this way a kind of 
column is formed fnmi the roof of tho cavern. Sometimes thin 
sheets of stone are formed by a number of drops close together 
issuing from a naiTow fissure. 

STALAGMITE. (Latin.) Stone formed in a dripTnng cavern by the 
evaporation of the water containing limestone or llint on the floor 
after tho droX)S have fallen. Stalagmites form on the Ikxjrs of caverns 
beneath sDilact-ilcs, and .sometimes rise hall way to meet them, and 
make a complete column. 

STEPPES. I’lie name given to the great plains of Eastern Europe and 
‘Western and Nortlierri Asia. They arc covered with vegetation 
during part of the year, and yield large crops under corn cultivation. 
(AVep. 47.) 

STRATUM ; Jdural, Strata. (Latin.) A bed or layer. Each layer of 
mud or sand deposited by water is called a stratum, and a number 
of layers together are called strata. 
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SUBAQUEOUS. Under water. 

SUBMARINE. Under the surface of the waters of the ocean. 

SURF. The broken water of waves rolling in from a large sea on com- 
paratively flat shore.s, the retiring wave meeting the advancing wave, 
and thus producing a never-ceasing line of foam. The surf is especially 
dangerous near the shore of many islands in the Pacific Ocean. 

SWAMP, liow flat marshy land. In America, the term is apifliod to 
flat lands with a few trees. 

SYNCHRONOUS. (Greek, #yn, together ; cArotio*, time.) Oocurring at 
the same time. 

TABLE JiAND, or PLATEAU. (Plural, plateaux.) A tract of high 
land, level or only interrupted by hills and intersected by ravines, 
and having a general elevation many hundred or thousand feet above 
the sea. Table lands differ from low plains chiefly by their average 
lieight above the sea. Tluis the mean elevation of the table land of 
8pain Is i!,000 feet, and of Thibet ir>,000 feet. The olevation of low 
plains docs not average so much as 200 feet. 

TALUS. The natural slope produced by tho falling away of the ux)per 
l)-art of the steep face of a hill or cscarj>ment. 

'J'EBBAD. (Persian, fever- wind.) Hot sand winds crossing tho plains 
of Central Asia. 

THERMAL. (Greek, therm/, warm or hot.) Thermal springs are warm 
springs, or springs of warm water. 

TIDE. A j»criodical movement of the ocean by which tho water is con- 
stantly rising or falling, rising for seven hours and then falling about 
five hours, till it attains the former level of low water. Tho movo- 
ment is originally caused by the moon’s attraction, but the actual 
phenomena are very complicated. Tho great tide wave originates in 
the l^aciflc, where alone there is a large uninterrupted B})ace of 
water. Sprivff tides arc the extremely high and low tides occurring 
soon after now and full moon. Neap tides arc the tides after the first 
and third quarter of the moon, when tho amount of the tide is 
smallest. 

TORNADO. .Slro Cyclonf.. 

TRAVEBTINPL A peculiar form of limestone produced w'hon water 
charged with carbonate of lime is evaporated. It is very abundant 
in Italy, and forms sometimes a building stone. The }>articlea of 
limestone often collect and arrange themselves during evaporation on 
some minute organic body. 

TROPI(!S. (Greek, trejto, to turn.) The belt of land within 21}* 28' fTOm 
the equator, (»u botli sides, within which the sun is sometimes 
vertical. AVhen the sun has reached this distance from the equator, 
he appear.s to turn back. 

TUNDRA. The low ILat land.s of Scandinavia and Northern Russia are 
thus called. 

TYPE, TYPICAL. (Greek, fypos, a form.) Among plants and animals, 
tliose species that rcprc.sent what are rogaixled a.s tho essential and 
characteristic ] eculiaritics are called types, or typical forms. 

TYP1J()()N, iSce Cyclonk. 

UJ^HEAVAL. Tho elevation t>f a jmrt of tho earth in consequence of 
some force tlirusting uj) from below. 

VAKlABLEtS. The rcgitui nc.ar the equator, a little to the north of it, 
where the iiorth-e-ast and south-east trade winds meet, neutralize 
each (dher, and arc replaced by calms and light winds. 

VARJATICN of the coiripas.s. The compass needle docs not often point 
true north in any pn-' f>f tho world, and tho difference between true 
north .and emnpass north varies continually : this difference is tho 
“variation of the eompas.s.” At present, in the south of England, it 
.amounts to .about 2(5”. The needle now points 20“ west of true north, 
or nearly NNW. The annual change is very small, but tends to 
diminish tho amount of tho variation. 

VOLCANO (Vulcanus^ Vulcan). A conical bill or mountain, with a cup- 
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sLaped depression at the top called a crater. Prom the crater, or 
from cracks in the side of the hill, steam, varioiis gases, stones, 
and molten rock, i>onr out from time to time. The mountain is 
generally made up of the materials erupted, which have fallen back 
on the earth. 

WARPING. .\n artificial process, in imitation of the natunil one, by 
which water deposits, when it is detamed in shallows, the mud it 
has brought down from the hand. 

WATER 8HED or WATER PARTING. (Gcnnan, iraMcr, water; scheidc, 
jiarting.) Tlic line drawn to connect the jjoints that separate two 
adjacent drain.agc areas. 

WATERSPOUT. A small circular storm of wind, during which largo 
quantities of water arc carried along through the .air in a definite 
direction, and at last break or arc dissipated, the water falling with 
extreme rai)idity on a small area, A waterspout in motion looks 
like two cones jdaced point to point, and consists of two distinct 
parts which do not always move at precisely the same speed. 

WAVE. The motion prodticcd when a fluid or gas is disturbed. Owing 
to the nature of liquids and gases, motion is communicated to them 
gradually, and not at once. Tims is produced in fluids a heaving and 
sinking of the surface, extending for a long distance, and in gases, 
or the air, an alternate advance and retirement of largo bodies of 
the gas. There arc several kinds of wave motions, some involving 
a movement in space of large quantities of the substance set in 
motion, others merely producing .a motion among the particles, with- 
out any advance or retirement at all. 

WEATHERING. The destroying effect of rain and frost and of the 
other conditions of the air that affect the weather. By these causes 
exposed rocks are s])Ut, ])rokcn and carried away, and to them indeed 
the vrholc face of nature as we see it is due. Weathering is the final 
change induced on rocks, after they have been lifted up and exposed 
to water action. 

WHIRLPOOL. A rotatory motion of water, produced generally by the 
meeting of strong currents coming from different directions. They 
arc much less inii)ortant now than when navigation was less under- 
stood. 

WHIRI.WIND, A revolving or rotatory storm. At sea a whirlwind 
produces a waterspout ; on land, in a wide tract of sand, a sand 
storm. On a large scale in certain seas it becomes a cyclone, 

WINDWARD. 'J'he sheltered side; the side or coast from which a 
prevalent wind blows. See Leewaui). 

ZENITH. (Arabic.) The point in the heavens vertically above tbc head 
of an observer. Sec Nautr. 

ZODT AC. A belt or zone within which the apparent motions of the sun 
•and planets are performed. 

ZONE. A belt. The earth is divided into zones by ideal lines parallel 
to the equator. Nearest the crpiator, on each side, is the torrid zone. 
Nearest the poles .are the frigid zones. Between the torrid and the 
frigid are the temperate zones. 
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Absouption of rays by air, 94. 

Abyssinian table lands, 39. 

Aerial denudation, 44. 

Africa, a part of the great conti- 
nent, '20 j table lands, 39 ; 
mountains, 40 ; deserts, 47 ; 
drainage, 74 ; lakes, 88 ; vol- 
canoes on east coast, 122 ; 
faunas, 137 ; quadrupeds, 143. 

Air, its composition, 11. 

Albert Nyanza lake, 88. 

Aleutian islatids, 56. 

Aliaska peninsula, 57. 

Allegbany inountains, 40 . 

Alps, 34, 36 ; snow line in, 100 ; 
Australian, 42. 

Altai inountains, 34. 

Alumina, account of, 12. 

Amazon river, 72, 78. 

America, general position, 20 ; 
mountains, 40 ; low plains, 48 ; 
drainage, 73; rivers, 77 ; lakc.s, 
87 ; faunas, 137 ; Indian tribes, 
149, 152. 

Andes, Cordillera, 41 ; snow line 
in, 106. 

Anglo-Saxon race, 151. 

Animals, their distribution, 135. 

Antarctic, ocean, 51, 58; current, 
63 ; province of marine vege- 
tation, 134. 

Antitaurus mountains, 36. 

A.pennines, 35, 37. 

A.queous denudation, 44. 

Arabia, a promontory pointing 
south, 24 ; plateau of, 39 ; 
desert of, 47. 

Arabs, a Mongolic people, 150. 
Aral, sea of, 81, 87. 


Ararat, mount, 36. 

Arctic circle, volcanoes near, 122. 

Arctic current, 63. 

Arctic ocean, 61, 57; drainage 
area, 74. 

Arctic sea, northern lands termi- 
nate in, 24. 

Arctic shores, snow line, 106. 

Ashes, volcanic, 119, 

Asia, part of the great continent, 
20 ; table lands and moun- 
tains, 38 ; low plains, 47 ; 
drainage of, 74 ; lakes, 86 ; 
fauna, 137, 142. 

Asia Minor, earthquakes, 114; 
volcanoes, 122. 

Assyrian race, 151. 

Atlantic canal or ocean, 51 ; 
rivers draining into, 74 ; earth- 
quakes in bod of, 115 ; province 
of marine vegetation, 134. 

Atlas chain, 35, 37. 

Atmosphere, 91. 

Australia, part of the great conti- 
nent, 20 ; mountain system, 
42 ; low plains, 49 ; rivers, 
80; earthquakes, 116; pro- 
vince of marine vegetation, 
135 ; races of men, 152, 

Azores, 54 ; volcanoes of, 122. 

Baffin’s bay, 55. 

Bahama islands, 62. 

Baikal lake, 81, 89. 

Balkan ch,ain, 36. 

Balkasli lake, 81. 

Balloons, how utilized, 97. 

Baltic sea, 52 ; drainage into, 
74. 
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Barometer, 93. 

Behriflg, sea of, 56. 

Behring’s straits, 56. 

Black sea, 52, 76 ; drainage into, 
74. ^ 

Bohemian lakes, 89. 

Boiling point of water, 94. 

Boiling springs, 71, 120, 

Bolivia, salt lake in, 87. 

Borings for water, 70. 

Borneo, 56. 

Bottom of Atlantic, 53. 

Bramapootra river, 79. 

Brazil, mountains of, 42 ; rain- 
fall on coast, 105; animals of 
its forests, 138; quadrupeds, 
143. 

British islands, 54. 

Burmese race, 152. 

California, a promontory point- 
ing south, 25, 57 ; current on 
coast of, 64. 

Canary islands, 54 ; volcanoes of, 

122 . 

Carbon, account of, 12. 

Carbonate of lime dissolved in 
water, 70. 

Caribbean sea, 52. 

Carlsbad, springs of, 72. 

Camic Alps, 34. 

Carpathians, 34, 87. 

Caspian sea, 80, 86. 

Castile, plains of, 39. 

Caucasian type of man, 149. 

Caucasus mountains, 36. 

Celts, a i-ace of men, 151. 

Ceylon, 57. 

Change, a law of nature, 15 ; in- 
duced by man, 155 ; universal 
on the earth, 158. 

Chili, earthquake in, 115. 

Chimborazo, 122. 

China, islands near, 22 ; rivers of, 
79. 

China sea, province of marine 
vegetation, 135. 

Chinese race, 152. 


Circulation of water by rain, 102. 
Civilization of races, 154. 

CliflFs, 29. 

Climate, 108 ; modified by man, 
156. 

Clouds, 101. 

Coanza river, 76. 

Coast line, form of, 20 ; impor- 
tance of an extended, 27. 
Cochin China, a promontory 
pointing south, 24. 

Colorado river, 74, 79. 

Colour of the sky, 94. 

Columbia river, 74, 79. 

Como lake, 89. 

Constance lake, 89. 

Continental islands, 22. 
Continents, 20. 

Coptic race, 151, 153. 

Coral islands, 22. 

Cordillera of the Andes, 41. 
Cotopaxi, 122. 

Crater, volcanic, 118. 
Cumberland, hills of, 43 ; rain- 
fall in, 104. 

Currents, marine, 62. 

Cyclones, 98. 

Cyrus river, 80. 

Danube, 76 ; delta of, 83. 

Day and night, cause of, 4. 

Deltas, 83. 

Depressions, 35. 

Depth of Atlantic, 58. 

Deserts, 30, 47. 

Dew, 92. 

Dinaric Alps, 36. 

Distribution of the land, 20, 27. 
Distribution of rain, 102. 
Distribution of plants, 130. 

Don river, 76. 

Douro river, 75. 

Dnieper river, 76. 

Dniester river, 76. 

Drainage area, 72. 

Durham, rainfall in, 104. 

Dutch raoes, 151. 

Dwina river, 76, 80, 
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Kartiiquakeb, 1]3. 

"^in.steni Alps, 34. 

Wbro river, 7t). 

Egyptian race, 151. 

Elbe river, 70. 

Electricity, 13. 

Elevation, linos of, 127. 
lilugland, rainfall in, 104. 

English race of man, 151. 
Equatorial current, 03. 

Erie lake, 87. 

Eruption, volcanic, 118. 

Etna, earthquakes near, 114 ; 

account of, 123. 

Euj)hrates river, 79. 

Europe, part 6f tlic ^reat conti- 
nent, 20 ; table lands and 
mountains, 30 ; low plains, 
47 ; drainage of, 74 ; lakes, 
89 ; volcanoes, 123 ; quadru- 
peds, 142. 

Extinct volcanoes, 126. 

Fauna, its meaning, IS^. 

Floras, meaning of the term, 129. 
Florida, a promontory pointing 
south, 25 ; coast of, 62. 

P'og, 101, 

Fohn, 100. 

Forest, clTect of removal of, 155. 
Form of land, 23. 

Formosa, 56. 

jIalks, 93. 
jralla race, 133. 
jramhia river, 76. 
xanges river, 79 ; delta, 83. 
jlarJa lake, 89. 
lariep river, 76, 
jlaronne river, 75. 
leneva lake, 89. 

xeograi)liical axis of old world, 
23 ; of new world, 24. 
xorman family of men, 151. 
jeysers, 120. 

Gibraltar, Strait of, 55. 
llaciers, 107. 
lorgcs, 31. 


(jlrcat Bear Lake, 87. 

Great Salt Lake, 87. 

Great Slave Lake, 87. 

Greece, a peninsula pointing 
south, 24 ; mountains of, o7 ; 
races of men, 1 51. 

Greenland, a promontory point- 
ing south, 25 ; account of, 5b ; 
earthquake band, 110. 

Guarlalquivir river, 75. 

Guadiana river, 75. 

Guiana, Dutch, rainfall in, 105. 

Guinea cuiTCTit, 63. 

Guinea, Gulf of, rainfall in, l05. 

Gulf weed, 134. 

Gulf stream, 62 ; its influence on 
climate, 110, 111. 

Hail, 107. 

Hawaii, volcano of, 118, 122. 

Ilccla, 122, 12.5. 

Hcmis])here of greatest land, 28. 

High plains, 38. 

Hillside, springs at, 69. 

Himalayan chain, 37 ; glaciers 
of, 107. 

Hindostan, a promontory pointing 
south, 24. 

Hindu Koosh, 37. 

Holland, 45, 83. 

Hooker, Dr., on marino vngela- 
tion, 134. 

Horizontal distribution of laud, 
29. 

Hottentots, 152. 

Hudson’s Bay, 55. 

Human race, distribution of, 146. 

Humber river, 75. 

Hungarian race, 152. 

Hungary, .salt lake of, 87. 

Huron lake, 87. 

Hurricanes, 9S. 

Hydrogen, 12. 

Iberian peninsula, an extcJision 
of land to the south, 24. 

Iceland, 58 ; band of earthquake 
.action, 116 ; geysers, 120. 

IB 
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Indian Archipelago, earthquakes 
of, no ; volcanic gi’oupa of, 121. 
Indian ocean, 51, 57 ; province 
of marine vegetation, 135. 
Indo-Germanic races, 151. 
Irawadi river, 79. 

Ireland, mountains, 43 ; lakes, 
89 ; rainfall in, 104 ; climate 
of, 110. 

Islands, 21 ; Atlantic, 54 ; Pacific, 
56. 

Isocliimenal lines, 109, 167. 
IsoUieral lines, 109, 167. 
Isothermal lines, 109, 167. 
Italian lakes, 89. 

Italy, a peninsula pointing south, 
24 ; volcanic disturbance, 123. 

Japan, province of marine vege- 
tation, 135. 

Japanese current, 64. 

Japanese race, 152. 

Java, 57 ; volcanoes of, 122. 

Jews, as a race, 151. 

Julian Alps, 34. 

Kaffir race, 1 52. 

Kamtschatka, a promontory di- 
rected to the south, 24 ; ac- 
count of, .56. 

Kur river, 80. 

Kurile islands, 56. 

Ladoga lake, 89. 

Lago Maggiore, 89. 

Lakes, 68, 86. 

Lancashire moors, rainfall, 104. 
Land, 19. 

Land-breezes, 97. 

Land -springs, 69. 

Laplanders, 152. 

Latitude, 17. 

Lava, nature of, 119. 

Lena river, 80. 

Life, 11 ; widely distributed on 
the earth, 128. 

Light and heat rays, effect of 
atmosphere on, 04. 


Limestone rocks, water from, 70. 
Lipari islands, 123. 

Lisbon, earthquakes, 114, 116. 
Liverpool, rainfall near, 104. 
Llanos, 30, 48. 

Lob, lake, 81. 

Loire river, 75. 

Lomond (Loch), 89. 

Longitude, 17. 

Loo-Choo, 56. 

Lough Neagh, 89. 

Low plains, 30, 46. 

Lucerne lake, 89. 

Mackenzie river, 80, 87. 
Madagascar, 57, 64 ; mountains 
of, 45. 

Madeira, 54. 

Magdalena river, 77. j 
Main equatorial current, 64. 
Maladetta, Mount, 36. 

Malay peninsula, points to the 
south, 24 ; account of, 57. 
Malay type of man, 149. 

Malvern hills, 43. 

Man, his agency in changing cli- 
mate, 158. 

Marine currents, 62. 

Marine provinces of vegetation, 
134. 

Maritime alps, 34. 

Mediteri'anean, 52, 55 ; drainage 
into, 74 ; volcanoes of, 121 ; 
province of marine vegetation, 
134 ; races inhabiting, 151. 
Menam river, 79. 

Mexican coast current, 64. 
Mexican Gulf, 52, 77 ; vegeta- 
tion of, 129. 

Mexico, high lands of, 41 ; vol- 
canoes, 121. 

Michigan, Lake, 87. 

Migratory races, 153. 

Mineral springs, 09. 

Mississippi river, 72, 77; delta, 
83. 

Missouri river, 77. 

Mist, 101. 
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Modena, mud volcanoes of, 123. 
Moisture, effect of, 95. 

Mongolic type of man, 149. 
Monsoons, 96. 

Mont Blanc, 33. 

Mountains, 31, 33. 

Mud volcanoes, 120, 123. 
Murray river, 80. 

Neap tides, 60. 

Negro tyj)e of man, 149, 152. 
Neva river, 76. 

New (xraiiada, Andes of, 41. 

New York, climate of, 110. 
Newfoundland, 55, 63. 

Niagara falls, 84. 

Nieiuen river, 76. 

Niger river, 76. 

Nile river, 72, 74, 76 ; delta, 83 ; 

flood, 86. 

Mitrogen, 12. 

Moric alps, 34. 

Xorte, rio del, 77. 

Xorth Atlantic, province of ma- 
rine vegetation, 134. 

^^orthern Ocean, imovince of ma- 
rine vegetation, 134. 

'Norway, snow lino in, 106 ; 

earthquake band, 116. 

'lova Scotia, 55. 

'fova Zenibla, 58. 

S'ubian race, 153. 

^yassa lake, 88. 

InEULANi) All'S, 34. 

)bi river, 80. 

►cean, 50. 

'ceaiiic islands, 22. 

'der river, 76. 
hio river, 77. 
khotsk, sea of, 56. 
nega lake, 90. 
ntario lake, 88. 
range river, 76. 
rgaii mountains, 42. 
rigin of valleys, 45. 

:inoco river, 78. 


Ow'yhec, volcano of, 118. 

Oxygen, 11. 

Pacific Ocean, 51, 56 ; island 
groups, 22 ; drainage into, 74. 
Pampas, 30, 49. 

Panama, 64. 

Parma, mud volcanoes of, 123. 
Patagonia, plains of, 49. 

Pelagic islands, 22. 

Peninsulas, 25. 

Persian Oulf and sea, 57. 

Persian higlilauds, 39. 

Petchora river, 80. 

Philii)pine Islands, 56. 
Phosphorus, 13. 

Pindus chain, 35. 

Pine barrens, 48. 

Plata, or Plate river, 73, 78. 
Plateaux, 30, 38. 

Platt en Sea, 87. 

Po river, 76. 

Polar seas, 51. 

Potash, 13. 

Prairies, 30, 48. 

Pressure of air, changes of, 92. 
Prevalent winds, 97. 
Promontories, 24. 

Pro^’inces of marine vegetation, 

134. 

Pyrenees, 34, 36, 38. 

Races of men, 149. 

Rain, 102. 

Rainfall, quantity of, 103. 
Rainless districts, 105. 

Ravines, 46. 

Red Sea, 57 ; volcanoes of, 122 ; 
province of mai’inc vegetation, 

135. 

Refraction of light, 94. 

Regular winds, 97. 

Rejmesentative plants, 133. 

Rhine valley, 45 ; river, 75 ; 

delUi of, 83 ; falls of, 84. 
Rhone river, 76. 

Rio del Norte, 77. 

Rivers, origin of, 69, 72. 

13 * 
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Rocliy Mouiituin;'., 4<l. 

Ilufiaian lakes, 89. 

8 AN FranciscvO river, 78. 

8t. Lawrence, gulf of, 55. 

Salt lakes, 68. 

Saltness of the ocean, 5S. 

Salts ill spring water, 71. 
Santorin volcano, 121, 12ii. 
Saskatclievan river, 86. 
Savannahs, 30, 48. 

Savo}" Alps, 34. 

Scandinavia, i)Ciunsula of, points 
south, 24 ; mountain chain, 
43 ; races of men, 151. 
Scenery, varieties of, 46. 
Sclavonic races, 151. 

Seotcli mountains, 43; lakes, 89. 
Sea breezes, 97. 

Sea water, its jirojieriies, 58. 
Seathwaito, rainfall at, 104. 
Secondary mountain chains, 35. 
Seine river, 75. 

Senegal river, 76. 

Severn river, 75. 

Shannon river, 75. 

Siberian i)]ains, 47. 

Sicily, river action in, 82 ; earth- 
quakes in, 114. 

Sierra Nevada, 36, 39. 

Silica, account of, 12. 

Silvas, 30, 48. 

Simoom, 100. 

Sir-i'kol lake, 89. 

Slave lake, 87. 

Slope of rivers, 84. 

Slopes of mountains, 37. 

Snow, 106. 

Snow line, 107. 

Soda, 13. 

South America,, a large promon- 
tory pointing south, 25 ; low 
plains of, 48 ; earthquakes of, 
114. 

Spain, plains of, 89. 

Spiral storms, 98. 

Spitzbergen, 58, 

Springtides, GO. 


Spring.s, natural, 69. 

Steppes, 30, 47. 

Storm waves, 62. 

Storms, 98, 

Stream currents, 62. 

Stromboli, 122, 124. 

Sulphate of soda in water, 72. 
Snriiatra, 57. 

Superior, Lake, 87. 

Swedish lakes, 89. 

Switzerland, lakes, 89 ; glaciers, 
107. 

Table lands, 30, 39. 

Tagns river, 75. 

Tanganyika lake, 88. 

Tartar race, 152. 

Taurus mountains, 36. 

Tchad lake, 81, 88. 

Temperature, of sea, 65 ; o 
spring water, 71 ; changes o 
atmospheric, 92, 

Thames nver, 75. 

Thermal .springs, 69. 
Thermometer, 93. 

Tibet, table land of, 39. 

Tides, origin of, 58 ; local am 
double, 62. 

Tocantins river, 78. 

Torj*ont.««, 85. 

Trade, its dependence on gcogri 
jdiical conditions, 27. 
Trade-winds, 96. 

Turkestan, lake in, 89. 

Turkish race, 152. 

Types of humau race, 149. 
Typhoons, 99. 

Ural chain, 43. 

Ural river, 80. 

Valleys, 31, 44. 

Vapour atmo.sphere, 92, 100. 
Vegetation, universal, 128. 
Vertical distribution of land, < 
Vesuvius, earthquakes of, 11 
account of, 123. 
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Victoria Nyanza lake, 88. 

Vistula river, 76. 

Volcanic islands, 20 ; groups, 121. 
Volcanoes, 1113, 117 ; extinct, 
126. 

Wales, rainfall in, 104. 

Warm springs, 69. 

Water, its composition, 1 2. 
Watershed, 72. 

Waterfalls, 84. 

Waves, 59. 

Weather, 108. 

Wells, 70. 


Welsli hills, 43; hikes, 89. 
Wener lake, 90. 

Wescr river, 75. 

West Indian islands, 41, 54 ; 

earthquakes of, 114. 

Western Alps, 34. 

Wettern lake, 89, ' 

Windermere lake, 89. 

Wind waves, 62. 

Winds prevalent, 97. 

Ykneski river, 80, 81. 

Zambesi river, course of, 40, 80. 
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